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GSI, Darmstadt, Germany
In spring 2006 the FAIR Baseline Technical Report 
(BTR) [1] was presented to the International Steering 
Committee (ISC) of FAIR. The BTR was accepted by the 
ISC as technical description and scope of the FAIR pro-
ject and basis for the international negotiations for the 
creation of the FAIR GmbH.  
The negotiations commenced in autumn 2006. In paral-
lel the working groups on Administrative and Financial 
Issues (AFI) and Science and Technical Issues (STI) pre-
pared the documents that are necessary for the establish-
ment of the FAIR company. This task was completed by 
the end of 2006.  
The ISC established the Joint Core Team which has the 
task to manage the FAIR project until the formal creation 
of the FAIR GmbH.  
Great effort has been put into consolidating the ion-
optical layout of the facility as well as the design and 
specifications of the various accelerator elements, shown 
in the figure below. The current status in this area is pre-
sented in the section of the FAIR division in this report.   
The BTR defines the initial scientific program of FAIR. 
The corresponding experiments are listed in the table be-
low. PAX/ASSIA and AIC have to prove their feasibility 
but provisions in the accelerator design and civil con-
struction will be made for them. 
 
 
Layout of the FAIR complex. The accelerator consists of the double ring synchrotron SIS 100/300, the injection 
complex UNILAC, p-LINAC and SIS 18, and the storage rings (NESR, RESR/CR and HESR). The other acro-
nyms characterize positions of experiments listed in the table on the next page. The NUSTAR experiments (light 
grey in table) behind the Super-FRS will be located in areas HE, LE and the NESR, HEDgeHOB and WDM in 
area PP and BIOMAT in AP. The SPARC experiment will involve target positions over the entire complex. CBM, 
PANDA and FLAIR are shown in situ. 
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The experiment collaborations of FAIR have worked 
hard on the necessary R&D for their detectors. Reports 
about the progress of the various collaborations are 
presented in this section of this report. These efforts 
will lead in due time to various technical design reports 
that are prerequisite for the start of construction of the 
respective experiments. However it should be noted 
that only a small fraction of the full activities of the 
experiments are reported here, as this is the Annual 
Report of GSI and the vast majority of collaborators 
are external. 
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Experiment 
 
Research Program 
 
Technical Facility 
 
R3B 
 
Nuclear reactions in inverse kinematics reaction 
studies with relativistic radioactive ion beams 
Large reaction set-up allowing complete kine-
matics reaction experiments 
HISPEC/ 
DESPEC 
High resolution, high efficiency particle and 
gamma spectroscopy of nuclei far off stability 
State-of-the-art  γ-detectors (AGATA) plus set-
ups for charged particle and neutron detection 
LASPEC  Laser spectroscopy of radioactive ion species  Multi-purpose laser spectroscopy station 
MATS 
 
High precision, high efficiency mass and life-
time measurements on radioactive nuclei 
 
Combined set-up of an electron beam ion trap 
(for charge breeding), ion traps (for beam prepa-
ration) and a precision Penning trap system. 
ILIMA 
 
Mass and lifetime measurements of stored and 
cooled radioactive ion beams 
Devices for Schottky mass and isochronous mass 
spectroscopy at CR/NESR 
EXL 
 
Inverse kinematics light ion reactions on radioac-
tive nuclei 
In-ring reaction set-up to be installed at the 
NESR 
AIC 
 
Measurements of mass radii of nuclei far off sta-
bility 
Antiproton (radioactive) ion collider 
ELISe 
 
Measurements of elastic, inelastic and quasi-free 
electron scattering of nuclei far off stability 
Electron-ion collision device including a high 
resolution electron spectrometer at the NESR 
PANDA 
 
QCD and hadron physics studies with cooled 
high energy antiproton beams at the HESR 
Large state-of-the-art internal target detector 
system covering almost the full solid angle 
CBM 
 
Studies of the QCD phase diagram in high-
energy nucleus-nucleus collisions 
Large state-of-the-art fixed target detector sys-
tem covering almost the full solid angle 
PAX/ASSIA   QCD and hadron physics studies with polarized 
antiproton beams 
State-of-the-art collider detector system covering 
a large solid angle 
FLAIR 
 
(Precision) studies with low energy or stopped 
antiproton ion beams 
 
Various stations including an ultra-low energy 
electrostatic storage ring, a Penning trap, low 
energy antiproton target stations 
SPARC 
 
Atomic physics spectroscopy and collision stud-
ies with (stored) high energy ion beams 
Various fixed target and in-ring experiments 
 
BIOMAT 
 
Applications of ion and antiproton beams in bio-
physics, biology, materials research and other 
disciplines 
Various multi-purpose target stations 
 
HEDgeHOB/ 
WDM 
Investigations of warm and dense bulk matter 
produced by intense ion and/or laser pulses 
Various plasma physics experimental stations 
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In the near future, precision anti-proton proton annihila-
tion experiments will be conducted to provide a systematic
study of the strong force which binds all hadronic matter,
such as protons and neutrons. A large-scale detector sys-
tem, PANDA, is being developed, which will be installed at
the international research facility FAIR. The research pro-
gram with the PANDA detector will be conducted by a col-
laboration of more than 400 physicists from 48 institutions
world wide.
In preparation for these experiments, large-scale simu-
lations need to be performed in the upcoming years for the
designofthePANDAdetector, todetermineanalysisstrate-
gies and, eventually, for the interpretation and calibration
of the experiment results. For this, a computing framework
isneededtoperformMonte-Carlosimulationsandanalyses
of simulated as well as experimental data. Such a frame-
work will be used together with an AliEN2 Grid network
layer, which is presently being employed at various sites
and adapted to the needs of the PANDA collaboration.
In 2006, the PANDA collaboration evaluated various
computing frameworks used by several collaborations. In
September, the PANDA coordination board decided to pur-
suit the development of a PandaRoot framework as an ex-
tension of the CBM/FAIR-root framework developed at
GSI.
The PandaRoot framework is based on the object-
oriented data analysis framework, ROOT [1], which is
presently being developed and maintained at CERN and
commonly used within the high-energy, particle, and nu-
clear physics communities. In addition, PandaRoot fea-
tures the concept of Virtual Monte Carlo [2], which al-
lows to use Geant3, Geant4, and Fluka transport codes via
a transparent interface.
In the past year, a mature model of the PANDA setup
have been implemented in the PandaRoot framework. Fig-
ure 1 depicts part of model for the target spectrometer
together with the magnet structures of the PANDA setup
which is presently included within the framework. A tool
to convert CAD step-ﬁles to ROOT geometry deﬁnitions
has meanwhile been embedded in the framework, which
provides an advanced and efﬁcient method for the imple-
mentation of detector components.
In a synergetic collaboration with the CBM and HADES
computing teams, various developments of the PandaRoot
framework are presently taken place. For example, the
GEANE track follower [3] and the EvtGen event genera-
tor[4]havebeenfullyintegratedintothePandaRoot frame-
work. In addition, various software tools which were de-
veloped within a Babar-like computing framework [5] are
presently being migrated such as an advanced Kalman ﬁl-
ter and various detector-related reconstruction codes. Plans
are made to enrich the PandaRoot framework by comput-
ing tools for the electro-magnetic shower reconstruction,
channel compositions, kinematic ﬁtting, and many more.
Figure 1: A sketch of the target spectrometer with the mag-
netic structures of PANDA as implemented in PandaRoot.
The various colors or shades correspond to different de-
tector elements (silicon vertex detector, straw-tube tracker,
electro-magnetic calorimeter, muon detectors, Cherenkov
detector, solenoid and dipole magnets). Optionally, a time
projection chamber can be used as central tracker, which is
not shown in the ﬁgure.
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Introduction
For the electromagnetic calorimeter (EMC) of the
PANDA experiment a preampliﬁer and shaper is under de-
velopment. Studies of lead tungstate (PbWO4)f o rt h eﬁrst
time done in the low energy region have shown that an ex-
treme low noise front-end is mandatory. The charge sensi-
tive ampliﬁer (CSA) is optimized for the readout of APDs
with a capacitance of 300 pF and has to cope with an event
rate of over 300 kHz. Test results of a ﬁrst prototype real-
ized in a 350 nm CMOS process show an excellent noise
performance and good agreement to simulation results.
Concept
Figure 1: Principle diagram of the readout electronics
First calculations done in end of 2005 have shown the
possibility of fulﬁlling the strong PANDA requirementsfor
the EMC in CMOS technology. Based on this calculations
design and simulation of a ﬁrst prototype was started in
early 2006. Figure 1 shows a principle diagram of the
readout electronics. It consists of a low noise charge sensi-
tive ampliﬁer, an active pulse shaper and an output buffer.
The dominant noise contributor is the input transistor of
the preampliﬁer. Here large design effort was made to
keep this noise contribution small. To handle the large
event rate a quick discharging of the feedback capacity
is necessary which is realized with a MOS transistor as
feedback resistor. In addition a pole-zero-cancellation
network is included to avoid undershoots.
∗Work supported by EU (contact number: RII3-CT-2004-506078)
The shaper is realised in two stages and performs a sec-
ond or thirdordersemigausianshapingwith a peakingtime
of 230 ns. Among a non amplifying buffer which covers
the whole dynamic range a second output buffer with an
ampliﬁcation of ten is foreseen to allow precise noise mea-
surements. Four of these readout paths are implemented in
a 350 nm CMOS technology. This ASIC was submitted in
July 2006 via the Europractice program.
Measurements
Figure 2: Results of the noise measurements
After the manufactured chips arrived at GSI in Septem-
ber various tests are carried out. In particular noise and
dynamic range are measured at different temperatures and
detector capacities. As shown in Figure 2 the noise in-
creases with increasing temperature and detector capaci-
tance CDet.A t- 2 5◦Ca n dCDet = 280 pF an equivalent
input noise charge of 6174 e− ±17 e− was measured.
The maximum input charge the chip can cope with is 2 pC
and the power consumption is 20 mW / channel.
Conclusions
The test results of the ﬁrst prototype are in excellent
agreement to simulations and fulﬁl the PANDA require-
ments. In spring 2007 tests with avalanche photo diodes
(APD) are designated. In a second prototype which will
be designed in 2007 among some other optimizations the
main focus will be on signal shaping and the output stages.
FAIR-EXPERIMENTS-03
4Large Area APD-readout of LYSO crystals
￿
H. Nowak1, B. Lewandowski1,A .W i l m s 1,a n dK .P e t e r s 1
1GSI, Darmstadt, Germany
Introduction
For the PANDA detector a fast and compact electromag-
netic calorimeter (EMC) for the detection of photons and
electrons is forseen. To fulﬁll the requirements, deﬁned by
the EMC group, like low threshold energy, a very good en-
ergyresolutionanda highcompactness,thescintillatorma-
terial should offer a short radiation length, a small moli
￿
￿re
radius and a high light yield. Two scintillator types have
been under investigation, bismuth germanate (BGO) and
lead tungstate (PWO). Since a short time there is a new
scintillator on the market: Lu
￿
￿Y
￿SiO
￿:Ce (LYSO). This
material has also to be investigated as an option for the
EMC.
Large area avalanche photodiodes with the active area of
￿
￿
￿
￿
￿ mm
￿ (LAAPDs) represent the envisaged photo de-
vices for the EMC readout.
Properties of LYSO
LYSO is a dense inorganic scintillator with a small tem-
peraturecoefﬁcient,averyhighlightoutputandenergyres-
olution. The propertiesof LYSO comparedto the properies
of the other investigated materials are listed in table 1.
LYSO is a lutetium based material, that means it contains
naturally radioactive isotopes. This causes a background
spectrum at low energies, especially for crystals of large
size. This does not prevent its application in HEP experi-
ments, where the readout is using trigger.
Property BGO LYSO PWO
Density [
￿
￿
￿
￿
￿] 7.13 7.1 8.28
Rad. length. [
￿
￿] 1.12 1.2 0.89
Moli` ere rad. [
￿
￿] 2.33 2.4 2.19
Decay time [
￿
￿] 60-300 41 5-15
Max. emission [
￿
￿] 480 420 420-440
Temp. coef. [%/
Æ
￿]
￿ 1.6
￿ 0.04
￿ 2
Light Yield [ph./MeV] 9000 4
￿ 10
￿ 100
Table 1: Properties of dense inorganic scintillators.
Longitudinal light response uniformity
measurement with LYSO
For the measurement of the light response umiformity a
LYSO crystal with the dimensions of 20
￿ 20
￿ 200 mm
￿
has been coupled to a photomultiplier. A sodium source
has been movedin 10 mm intervalsalong the crystal (away
fromthephotomultiplier)andthecorrespondingpeakmax-
ima (see ﬁg. 1) have been measured.
￿Work supported by EU (contact number: RII3-CT-2004-506078)
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Figure 1: The ADC channel positions of the maxima of
the annihilation peak at 511 keV (lower values) and the
photo peak at 1274.53 keV (upper values) depending on
the distance between the source and the PMT.
As it can be seen from the plot the longitudinal unifor-
mity of the crystal is ensured.
Energy resolution of LYSO measured with
LAAPD
To determine the energy resolution of the crystal, spec-
tra have been taken with three different sources: sodium,
cobalt and caesium. The positions of the annihilation and
the photo peak maxima of each source were used as ref-
erence points for the energy calibration. One background
spectrum has also been taken to study the effect of lutetium
on the energy resolution of the crystal.
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Figure2: Sodiumspectrum(top)andbackgroundspectrum
(below) (left). The measured energy resolution of the an-
nihilation and photo peaks for sodium, caesium and cobalt
detected with a large crystal and a LAAPD (right).
Results
LYSOoffersveryhighlightoutputandenergyresolution
as it can be seen in ﬁgure 2. A backgroundspectrum exists
and it is dominatedby the beta decay of lutetium. But there
is no inﬂuence on HEP experiments. From the presented
results it can be concluded that LYSO read out by APDs is
a good option for electromagnetic calorimeters.
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Introduction
The PANDA electromagnetic calorimeter (EMC) will
consist of nearly 22,000 lead tungstate (PWO) crys-
tals.They will be read out with avalanche photodiodes
(APDs) at a temperature of
￿
￿
￿
￿
￿
Æ
￿. Due to the great
effort in developmentand fabrication of those photo detec-
tors achieved during the last years, the reachable size of
the device active area is still getting larger. For the readout
of the barrel part of the PANDA-EMC APDs with an ac-
tive area of
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿ (large area APDs (LAAPDs))
will be used. Due to the great amount of LAAPDs used in
PANDA a laboratory for characterization and optimization
of these devices related to the EMC speciﬁcations has been
build up at Frankfurt University.
Recent activities
For the characterization and monitoring of the devices
differentpropertiesof themhaveto bemeasured. Thechar-
acterization of the manufacturer is done at room tempera-
ture; therefore each measurement has to be done at room
temperature (to exert or vitiate the manifacturers speciﬁ-
cations) and at operatingtemperatureof
￿
￿
￿
￿
￿
Æ
￿.T h i s
is leadingto several special requirementsfor the qualityas-
surance of the wholenumberof APDs used in the PANDA-
EMC. During the R&D phase several measuring equip-
mentsweredesignedanddeal with thecharacterizationand
quality assurance of the LAAPDs in different speciﬁca s -
pects.
Characterization
Several device properties will be measured at the new
APD laboratory. The capacitance and the dark current are
an important input for the preampliﬁers designed by the
ASIC group at GSI as well as the noise of the devices. The
latter parameter will be evaluated by measuring the excess
noise factor of the LAAPDs at the two relevant tempera-
tures. Thequantumefﬁciencydependingonthelightwave-
length and the uniformity of the device internal gain over
the whole active area will also be measured.
All speciﬁcation of the APDs will also be determined de-
pendingontheirwaferpositionsaswell asintermsofspec-
iﬁcation ﬂuctuations corresponding to different wafers de-
livered by the manufacturer.
￿Work supported by EU/FP6 HADRONPHYSICS (see Annex) and
GSI
Radiation hardness
The radiation hardness of the available prototypes has
to be determined for protons/photons as well as for neu-
tron irradiation. The proton irradiation is done at the KVI
Groningenand a setup for neutronirradiationwas designed
for the APD laboratoryin Frankfurtto study the increase of
the device dark current during irradiation. This latter mea-
surement will be done at several temperatures which leads
toa verycomplexdesignoftheapparatustofulﬁllallsafety
requirements for this kind of radiation studies. First results
of this measurements will be available in the near future.
APD mounting
Another aspect of the APD activities of our group is the
realization of the APD mountingprocedureon the rear side
of the crystals. For that reason a capsule has been designed
to mountthe APDs, the preampliﬁer,the light guidesof the
lightpulsersystem aswellas a temperaturesensorproperly
on the crystal surface (see ﬁg.1).
Figure 1: Capsule for one LAAPD from the back side:
Shown are the gaps for the preampliﬁer- and thermistor-
PCBs as well as a hole forseen for light guide mounting.
The material of this capsule has to be an electric shield-
ing meanwhile its heat conductivity has to be good enough
to ensure the coolingof the APDs duringthe measurement.
Therefore we have chosen poly-ether-ether-ketone(PEEK)
for the ﬁrst capsule prototype production.
Theevaluationofdifferentkindsof glueshasalso started
during the last month and the measuring equipment for the
screening procedureof the splice between APD and crystal
is under development.
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CBM physics and detector setup
The planned Compressed Baryonic Matter (CBM) ex-
periment at FAIR offers unique possibilities to investi-
gate baryonic matter at highest densities in the laboratory.
The mostpromisingobservablesfrom nucleus-nucleuscol-
lisions in the FAIR energy range are particles contain-
ing charm quarks (D-mesons and charmonium), low-mass
vector mesons decaying into dilepton pairs (ρ,ω and φ
mesons), and hyperons (Λ,Ξ,Ω and their antiparticles).
This includes the measurement of (event-by-event) ﬂuc-
tuations, correlations, and collective ﬂow of hadrons. A
systematic and comprehensive investigation of these ob-
servables, in particular their excitation functions, will per-
mit to extract information on the equation-of-state of bary-
onic matter at high densities, on the location of the phase
boundary between hadronic and partonic matter (including
the QCD critical endpoint), and on the restoration of chiral
symmetry at high net-baryon densities.
The experimental task is to identify hadrons and leptons
in collisionswith upto1000chargedparticlesat eventrates
ofupto10MHz. Aparticularexperimentalchallengeisthe
identiﬁcation of D-mesons which is based on the selection
of secondary vertices with high accuracy. The measure-
ments require a high-speed data acquisition (DAQ) archi-
tecture and an appropriate high-level event-selection con-
cept.
A schematicviewoftheproposedCBMdetectorconcept
is shown in ﬁgure 1. Inside a large aperture dipole mag-
net there is a Silicon Trackingand VertexingSystem which
consists of two parts: a Micro-Vertex Detector (MVD, 2
silicon pixel layers) and the Silicon TrackingSystem (STS,
several layers of silicon microstrip detectors). The Silicon
detector array has to provide the capabilities for track re-
construction, determination of primary and secondary ver-
tices, and momentum determination. Electrons from low-
mass vector-meson decays will be identiﬁed with a Ring
Imaging Cherenkov (RICH) detector. The TRD detector
will providechargedparticle trackingand the identiﬁcation
of high energy electrons and positrons. The ECAL will be
used for the identiﬁcation of electrons and photons. As an
alternative to the RICH detector a muon detection/hadron
absorber system is under investigation. If the RICH will
be replaced by a muon detector the TRD will be converted
into a tracking detector for hadron measurements together
with the timing RPC. Then the TOF-RPC detector serves
fortwopurposes: forbackgroundsuppressionduringmuon
measurementswith absorbers,andforhadronidentiﬁcation
with muon absorbers removed.
∗Work supported by EU/FP6 HADRONPHYSICS (see Annex) and by
INTAS
Figure 1: Schematic view of the Compressed Baryonic Mat-
ter (CBM) experiment planned at FAIR. The setup consists of a
high resolution Silicon Tracking System (STS), a Ring Imaging
Cherenkov detector (RICH),threestationsof TransitionRadiation
Detectors (TRD), a time-of-ﬂight (TOF) system made of Resis-
tive Plate Chambers (RPC) and an Electromagnetic Calorimeter
(ECAL).
Track reconstruction and STS development
The feasibility studies were performed within the CBM
software frameworkwhich has been developedfurther (see
M. Al-Turany et al., this report). The routines for track and
vertex reconstruction have been improved and used for op-
timizationofthe layoutofthe SiliconTrackingSystem (see
I. Kisel et al, this report). Track reconstruction efﬁciencies
ofabove95%canbeobtainedwithafastandradiation-hard
detector system which consists either of two Silicon hybrid
pixel detector stations together with 4 double-sided Silicon
Strip detector layers, or of 6 Strip-sensor layers only (see
J.M. Heuser et al., this report). The STS can be used as
a stand-alone tracker for high-rate measurements and for
the identiﬁcation of hyperons(see E. Kryshen, this report).
The Micro-Vertex Detector (MVD) - which is close to the
targetandhaslimitationsinradiationhardnessandread-out
speed -will beinstalled onlyforopencharmmeasurements
which requires high-precision vertexing.
Detector R&D concentrates on the design of a prototype
STS which includes double-sided sensors, the cables, the
read-out chip and the mechanical structure. First proto-
type sensors have been designed and are being fabricated
(see J.M. Heuser et al., this report). Moreover, a fast self-
triggered read-out chip has been developed and is being
tested (see C.J. Schmidt et al., this report).
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Hadron identiﬁcation in the CBM experiment is per-
formed using the time-of-ﬂight measurement in the RPC
detector wall located about 10 m downstream of the target.
This requires track reconstruction and momentum deter-
mination in the Silicon Tracking System, track following
through the TRD stations, and matching of reconstructed
tracks to the hits in the RPCs. The total reconstruction ef-
ﬁciency for hadrons (STS-TRD-RPC) is well above 80 %.
This result is based on realistic detector layouts and per-
formances (see D. Kresan et al., this report). The R&D
on prototype timing RPCs concentrates on high rate capa-
bility, low resistivity material, long term stability and the
realizationof largearrayswith overallexcellenttimingper-
formance (see D. Gonz´ alez-Diaz et al., this report).
D meson identiﬁcation and vertex detector
D mesons will be identiﬁed via their hadronic decay into
one or two charged pions and a kaon. In order to suppress
the overwhelming combinatorial background of promptly
emitted pions and kaons one has to determine the D meson
decay vertex with an accuracy of about 50 μm( τ(D0)=
123 fm/c, τ(D±) = 312 fm/c). This measurement requires
an extremely thin and highly granulated pixel detector. We
are developing a Micro-Vertex Detector (MVD) consisting
of two layers of Monolithic Active Pixel Sensors (MAPS)
with a pixel size of 40x40 μm2 and a thickness of 100 μm.
Both vertex resolution and radiation damage increase with
decreasing distance from the target. Simulations have been
performed in order to optimize signal-to-background, ef-
ﬁciency, distance and detector lifetime (see I. Vassiliev et
al., this report). According to these studies it is possible to
record 3.6 × 105 D mesons in 1012 minimum bias Au+Au
collisions at 25 AGeV within the lifetime of a MAPS. With
a collision rate of 100 kHz the ﬁrst MAPS station would
have to be replaced after 120 days of running. The R&D
on the MVD concentrates on the improvement of radiation
hardness and readout speed of the MAPS, and on system
integration (see S. Amar-Youcef et al., this report).
Electron identiﬁcation with RICH and TRD
Electrons and positrons are identiﬁed with the RICH de-
tector and with the TRD. The simulations are based on re-
constructed tracks in STS and TRD, on ring recognition
in the RICH photon detector, on ring-track matching, and
on the statistical analysis of the energy loss signal in the
TRD (see C. H¨ ohne et al., this report). With information
only from RICH the pions can be suppressed by a factor of
about500uptoamomentumofabout9GeV/c. Takinginto
accountadditionalinformationfromthe TRD the total pion
suppression factor is larger than 104 for momenta above 1
GeV/c in central Au+Au collisions at 25 AGeV. This value
will be sufﬁcient to discard misidentiﬁed pions from the
combinatorial electron background in vector-meson mea-
surements.
The major challenge in the identiﬁcation of low-mass
vector mesons via their di-electronic decay is to reject the
physical backgroundof electron-positronpairs from Dalitz
decays and gamma conversion. The optimization of back-
ground rejection strategies based on electron identiﬁcation
by RICH and TRD, using an improvedtrack reconstruction
method for low momentum particles, is in progress (see
T. Galatyuk et al., this report). The combinatorial back-
ground in the mass range of the J/ψ meson can be dra-
matically reduced by the requirement of a high transverse
momentum of the electrons. For example, when requir-
ing electron transverse momenta of pt ≥ 1.2 GeV/c for
central Au+Au collisions at 15 (25, 35) AGeV, signal-to-
background ratios of S/B = 0.8 (1.7, 14.5) and efﬁciencies
of   = 0.09 (0.12, 0.14) can be achieved for J/ψ mesons
(seeA.Maevskayaetal., thisreport). TRDR&Disfocused
on the developmentof highly granular and fast gaseous de-
tectorswhich can stand the high-rateenvironmentof CBM.
Prototype gas detectors (based on MWPC and GEM tech-
nology) have been built and tested with particle rates of up
to 100 kHz/cm2 without deterioration of performance (see
M. Petrovici et al. and A. Andronic et al., this report).
Muon measurements with hadron absorbers
As an alternative approach to the dielectron measure-
ment we have studied the possibility of detecting vector
mesons (ρ, ω, φ, J/ψ) via their decay into μ−μ+ pairs.
The idea is to suppress the hadrons with several absorber
layerslocatedbehindtheSiliconTrackingSystem. Inorder
to match the muons which pass the absorber to the tracks
measuredbytheSilicon tracker(whichdeﬁnesthemomen-
tum) one has to track all charged particles through the ab-
sorber. This is done by highly granulated and fast detectors
which are located in each gap between the absorber layers.
The simulations are based on track reconstruction algo-
rithms taking into account a realistic response of the STS
and a position resolution of the muon chambers of σ =
100 μm (see A. Kiseleva et al., this report). The studies
demonstratethatforexampletheω meson canbe measured
in central Au+Au collisions at 15 (25, 35) AGeV with a
signal-to-background ratio of S/B = 0.16 (0.14, 0.14) and
with an efﬁciency of   = 0.022 (0.033,0.044). J/ψ mesons
can be identiﬁed with a signal-to-backgroundratio of about
100 and an efﬁciency of   = 0.13 for central Au+Au col-
lisions at 25 AGeV. Such a number would be sufﬁcient
for the identiﬁcation of ψ’ mesons in Au+Au collisions.
For the charmonium experiments the total thickness of the
hadron absorber has to be increased as compared to mea-
surements of low-mass vector mesons.
The challenge for the muon chambers and for the track
reconstruction algorithms is the huge particle density of up
to 1 hit/cm2 pereventin theﬁrst detectorlayers. Therefore,
detector R&D concentrateson the design of fast and highly
granulated gaseous detectors based on GEM technology.
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ThephysicsprogrammeoftheCBM experimentatFAIR
includes a systematic investigation of hadron production in
heavy-ionreactionsas functionof collisionenergyand sys-
tem size. Of particular interest are event-by-event ﬂuctua-
tions in the particle ratios as well as directed and elliptic
ﬂow. For this purposes, excellent identiﬁcation of pions,
kaons and protons is indispensable. It will also help to re-
duce the background for the measurements of open charm
and hyperons detected by their weak-decay topology.
Hadron identiﬁcation in CBM will be performed by a
time-of-ﬂight (TOF) wall situated about 10 m downstream
of the interaction target. It thus requires track reconstruc-
tion and momentum determination in the STS, track fol-
lowing through the TRD system, and matching of the track
to the measured TOF hit.
The track reconstruction procedure in the STS is based
on the Cellular Automaton algorithm and has been im-
proved with respect to speed and efﬁciency. An efﬁciency
of about 96 % is obtained for primary tracks in central
Au+Au collisions at 25 AGeV. Track ﬁtting is based on the
Kalman ﬁlter. This algorithm has been optimised with re-
spect to memory access and speed by using a local polyno-
mial approximationof the magnetic ﬁeld instead of the full
calculated ﬁeld map. The momentum resolution is about
1%almostindependentofmomentumasshowninﬁgure1,
demonstrating the dominant effect of multiple scattering.
Figure 1: Momentum resolution as function of momentum
for the standard STS geometry
A 3-D track following method based on a Kalman ﬁl-
ter is employed to prolong the tracks throughout the TRD
system, yielding an efﬁciency of about 94 %. The global
track is then extrapolated towards the TOF wall, and the
nearest TOF hit is attributed to it. Fig. 2 shows the efﬁ-
ciency of TOF hit matching (left) and the total TOF efﬁ-
ciency (right), including STS and TRD reconstruction efﬁ-
ciencies, as a function of momentum. These results were
obtained with a realistic description of the RPC coordinate
resolution, taking into account the single gap response also
∗Work supported by EU-FP6 HADRONPHYSICS
in case of mutiple hits and inclined tracks. The losses in
TOF-track matching of about 7 % are dominated by parti-
cle decays and double hits in the RPCs. The latter contri-
bution amounts to some 2 % and can be reduced by resolv-
ing double hits in the RPC strip readout. Optimisation of
the RPC pad/strip sizes is ongoing in order to reduce the
number of electronic channels while roughly keeping the
performances.
Figure 2: Efﬁciency of (left) matching a TOF hit with a
global track and (right) total TOF reconstruction efﬁciency
as function of momentum
This global event reconstruction scheme, developed in
the course of the last year in the CBMROOT software
framework, gives path to feasibility studies of physics ob-
servables. As an example, ﬁg. 3 (left) shows the recon-
structedsquaredparticlemassfromthetime-of-ﬂight,track
length and momentum, as a function of momentum, for an
assumed time resolution of 80 ps. The reconstructed mass
spectrum at p =3 G e Vis shown on the right side of the
ﬁgure. With an overall efﬁciency of 80 % to 90 %, sepa-
ration of kaons and pions can be achieved up to laboratory
momenta of about 3.5 GeV, while protonscan be identiﬁed
up to 7 GeV.
Figure 3: (Left) reconstructed particle mass from the TOF
measurement as function of momentum; (right) mass spec-
trum derived from TOF at p =3G e V
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The reconstruction of low-mass vector mesons (ρ, ω, φ)
emitted out of the hot and dense phase of relativistic heavy
ion collisions is one of the experimental goals of the CBM
experiment. In this contribution the status on feasibility
studies for their measurement will be summarized. Dom-
inant background sources are random combinations of e−
and e+ from π0-Dalitz decay and γ conversion, the latter
mostly in the target and to a smaller extent in the tracking
stations, the beam pipe and the magnet yoke. In order to
minimize electrons from conversions a single 25 μm gold
target was assumed. A characteristic feature of conversion
and π0-Dalitz decays is the moderate decay momentum of
the electron pair. This generally leads to small opening an-
gles and comparatively small laboratory momenta. A spe-
cial challenge of the current concept is the fact that elec-
tron identiﬁcation is not provided in front of the magnetic
ﬁeld. By adding correction coils it is possible to suppress
the ﬁeld between the target and ﬁrst Silicon Tracking Sta-
tion. The excellent two hit resolution in the MAPS detec-
tor (< 100μm) gives then a chance to reject close pairs. To
increase the acceptance for low momentum particles the
magnetic ﬁeld was reduced to Bmax = 0.7 T and the size
of STS 1 to 6 was increased. The strategy of background
rejection described in [1] was applied. The invariant mass
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Figure 1: Di-electron invariant mass spectra for Au + Au
collision system at a beam energyof 25 AGeV, zero impact
parameter, ideal particle ID. Close triangle: accepted com-
binatorial background,open triangle: after cuts. Square: γ,
π0, η and ω-Dalitz, circle: ω and φ,s t a r :ρ0.
spectrum arising after applying all cuts is shown in Fig-
ure 1. The S/B ratio in a ±1.4 σm range around the vec-
tor meson peaks are 0.5 for ω with signal efﬁciency 15%,
0.6 for φ (23% efﬁciency), 3 for π0-Dalitz. The optimised
∗Work supported by EU/FP6 HADRONPHYSICS (see Annex)
geometry of the STS detector and changes in the magnetic
ﬁeldweretakenintoaccount,however,notrackreconstruc-
tion or particle identiﬁcation algorithms were used.
A more realistic simulation will include track recon-
struction in the STS and particle ID in the RICH detector.
Considerable efforts went into the problem of tracking in
the STS for low momentum tracks because a large frac-
tion of soft tracks suffers signiﬁcant multiple scattering in
the detector material. The track reconstruction efﬁciency
is 90 %. After track model improvements it is possible to
reconstructtrackswith momentadownto 80MeV(see Fig-
ure 2). To reconstruct the track parameters, tracks were ﬁt-
ted with electron mass using a routine based on a Kalman
ﬁlter. The reduction of the magnetic ﬁe l dt o7 0%o fi t s
nominal value results in a momentum resolution still well
below 2 %. In order to reject low momentum tracks, which
p (GeV/c)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
R
e
c
o
n
s
t
r
u
c
t
i
o
n
 
f
f
i
c
i
e
n
c
y
 
(
 
%
 
)
0
20
40
60
80
100
Figure 2: Track reconstruction efﬁciency as a function of
momentum. Triangle: standard tracking algorithm, circle:
improved tracking on low momentum tracks.
have been reconstructed in STS but left the acceptance be-
fore the RICH detector,it is importantto have a high purity
of identiﬁed electrons. The currently estimated pion sup-
pression using only the RICH detector is abouta factor 500
below 8 GeV. This suppression factor can be improved to
more than 104 for tracks with momenta above1 GeV when
using TRD and TOF information in addition (C. H¨ ohne et
al., this report).
Invariant mass spectra of dielectron pairs including full
event reconstruction and electron identiﬁcation will be
available in the near future.
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The CBM-TOF group aims at providing high π/k sepa-
ration (more than 2-σ in the reconstructed mass) in Au+Au
central collisions at 25 GeV/A, with a coverage of mid-
rapidity by at least 1 unit in y and 1 GeV in pT.T h e s eP I d
capabilitiesare neededforprobingthe QGP phase, through
the study of such fundamental observables as the dynami-
cal ﬂuctuations of the kaon yield, kaon ﬂow, hyperon pro-
duction close to threshold and open charm.
Based on simulation, it was shown that the mentioned
requirements can be satisﬁed by a tRPC (timing Resistive
Plate Chamber) wall placed at 10 m distance from the tar-
get with 25-30◦ coverage in θ (∼150 m2), featuring a time
resolution of 80 ps and an occupancyper cell below 5% (∼
60.000cells). Inorderto copewith the highbeamluminos-
ity, thetRPC must handleratesupto20kHz/cm2, while the
FEE must process the very fast GHz signals from the tRPC
at an interaction rate up to 10 MHz.
The CBM spectrometer beneﬁts from the excellent over-
all PId capabilities of the TOF wall: for example, the π/e
separation in time of ﬂight is 3-σ for p=1.1 GeV, that pro-
vides extra π suppression (apart from that of RICH and
TRD detectors) in view of di-electron spectroscopy.
Current R&D activities [1, 2, 3, 4, 5] focus on the devel-
opment of high rate capability tRPCs, aiming at extending
their workingprinciplefromfew hundredsof Hz/cm2 up to
the required rate of 20 kHz/cm2, for CBM usage. But also
improvementsonthedescriptionofthe timingpropertiesof
the detector at high rates have been recently accomplished
[6]. As a consequence of the latter, the idea that the deteri-
orationoftRPC performancesat highratesis mainlydriven
by the DC column resistivity ρd (resistivity times the resis-
tive plate thickness per gap) is now more sound.
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Figure 1: Compilation of different measurements.
A number of measurements was performed at different
rates under different conditions: with ionizing particles
from carbon collisions at GSI-SIS [1], with 10-40 MeV
∗Supported by JRA12 of EU/FP6 Hadronphysics (see annex), INTAS
Ref. Nr. 03-54-3891 and German BMBF contract 06 HD190I.
electrons at the ELBE LINAC [2, 3] and with γ sources
[4]. Among the more promising candidates for the resis-
tive plates of high rate tRPCs, semi-conductive glasses [2]
and ceramics [4] must me mentioned, whereas the possi-
bility of using warm thin glass deserves also consideration
[5]. A compilation of results is shown in Figure 1, together
with the dependence on rate Φ obtained in [6]:
ε  
εo
1+Ae−B/Φ ,σ T   σo(1 + CΦ) (1)
where εo, σo, A, B, C are obtained from the ﬁt to data.
The current theoretical and experimental understanding
of the detector has been used to better model the detector
geometry and its response. Starting from the simulation of
thegapresponse,arealisticdescriptionofthepositionreso-
lution, inclined tracks and multiple hits have been provided
for the ﬁrst time. The studies performed after full tracking
through CBM conﬁrm the statements of paragraph 2 (see
D. Kresan et al., this report) and open the path to a detailed
comparison between pad and strip technologies that are
currently existing for the tRPC readout. A ﬁrst approach to
the ﬁnal mechanical structure has also been accomplished,
where the distribution of the wall in towers looks by now
the more suited solution, providing a high ﬂexibility and a
comfortable distribution of the weight (Figure 2).
Figure 2: Rear view of the TOF wall, divided into towers.
For the read-out, an ASIC based PreAmpliﬁer-
DIscriminator chip (PADI) was developed and tested to-
gether with the TACQUILA3 digitizer (developed for the
FOPI upgrade), showing a global resolution σT < 10 ps.
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The Silicon Tracking System (STS) is the central
detector of the CBM experiment. It serves for track re-
construction with good momentum measurement (of about
of 1%) of all charged particles produced in high multiplic-
ity nuclear reactions at the target [1]. For this task a low-
mass silicon tracking detector system of high granularity is
needed. We are currently studying the arrangement of the
tracking stations and designing the prototype of the micro-
strip silicon detectors.
The STS concept, schematically shown in Fig. 1, com-
prises 6 detector stations for the track measurement, made
of micro-strip silicon detectors. Each station is divided
into sensors, with short strips close to the beam line (com-
pare Fig. 2) and with longer strips, realized either on single
wafers or by chaining two or more sensors, in the regions
further outside. The reading of the individual sensors may
be realized by routing the strips’ analog signals from every
sector through thin ﬂat multi-line cables to front-end elec-
tronics at the periphery of the stations (see current R&D
effort in [2]). The projective coordinate measurement of
the sensors leads to a signiﬁcant fraction of combinatorial
orfakehits, achallengetothereconstructionalgorithms. In
alternative approachtwo ﬁrst stations may consist of LHC-
type hybrid pixel detectors, although those are relatively
thick and presumably require active cooling in the aper-
ture. For high-resolution vertex measurements, e.g.open
charm detection, the STS is supported with a Micro-Vertex
Detector (MVD) consisting of two very thin and ﬁne-pitch
MAPS pixel detector stations close to the target.
Figure 1: Schematics of the STS + MVD detector systems.
The micro-strip sensor is intended to be double-sided,
with the strips oriented along the module’s long axis in
the front layer, and a “stereo” direction (with 15◦ stereo
angle) on the second side, The design, shown in Fig. 3, ad-
dresses in particularconnectivityissues, so that bothsensor
sides can be contacted both at the top and the bottom edge.
The ﬁrst micro-strip sensors, to be produced in 2007 [3],
∗Supported by EU/FP6 HADRONPHYSICS (see Annex) and INTAS
Figure 2: Silicon micro-strip sensors arranged into mod-
ules of different lengths building up a tracking station.
will have a thickness of 200–300 µm. The prototype will
use chained sensors, readout electronics [4] and mechan-
ical support. The studies will address radiation hardness,
minimization of inactive area near the edges. Readout ca-
bles, made from ﬁne-pitch aluminum traces on polyimide
material will be developed.
Figure 3: (Left) Schematics of the sensor’s stereo side.
(Right) Chained sensors and their interconnections.
The detector stations has been implemented in the simu-
lation framework CBMROOT as discs of silicon, and were
segmented into 50 × 50 µm2 pixels or 50 µm pitch strips,
for hybrid or micro-strip stations, respectively. Recon-
struction efﬁciencies of about 97% (92%) for primary (all)
tracks exceeding 1 GeV/c momentum, and a momentum
resolution of 1.2% demonstrate the feasibility of the track
measurement with the proposed detector concept.
Current performance studies investigate the effects of
different strip lengths and stereo angles on the track re-
construction. Other detector conﬁgurations where e.g. the
hybrid pixel stations are replaced with pairs of micro-strip
stations are considered. Next steps will use more realis-
tic parametrizationoftheSTS,implementingsensorwafers
arranged into modular structures and mounted on mechan-
ical supports.
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The observation of low-mass dilepton pairs and charmo-
nium in the CBM experiment is one of the key measure-
mentsforthestudyofcompressedbaryonicmatterinheavy
ion collisions. The standard setup of CBM [1] foresees
the measurement of electrons using particle identiﬁcation
with a ring imaging Cherenkov (RICH) detector and tran-
sition radiation detectors (TRD). In this report ﬁrst results
on the performance of the CBM detector concerning elec-
tronidentiﬁcationandpionsuppressionincludingcomplete
event reconstruction and particle identiﬁcation will be pre-
sented. As important application also results on a feasibil-
ity study of a charmonium measurement in the dielectron
decay channel will be discussed.
The simulations were performed for central Au+Au col-
lisions at 15, 25, and 35 AGeV beam energy generated by
UrQMD [2]. DecayelectronsfromJ/ψ mesonswere mixed
into these events; for ﬁnal spectra their multiplicities were
taken from the HSD model [3]. These events were tracked
through the CBM detector using GEANT, the transition ra-
diationintheTRDwasapproximatedbyanexternalmodel.
The event reconstruction starts with tracking in the STS,
requiring a minimum of 4 STS hits. The tracks are then
extrapolated to the RICH photodetector plane, to TRD and
TOF. Rings are foundusing ringreconstructionalgorithms.
Ring-track as well as TOF hit-track matching were applied
choosing pairs having the closest distance. This way fully
reconstructed events with information on RICH, TRD, and
TOF signals for each track are available.
For ring reconstruction in the RICH detector the most
crucial parameter is the quantum efﬁciency of the photode-
tector, here existing MAPMTs from Hamamatsu were im-
plemented (H8500-03) yielding about 21 hits per electron
ring. Ring ﬁnding efﬁciencies are about 85 % with less
then one fake ring per event. These fake rings are further
rejected applying a set of quality criteria. A further im-
portant cut is the requirement of a maximum distance be-
tween ring center and track. Placing a cut at 1 cm rejects
only 5 % of good rings with p>2 GeV/c but reduces the
backgroundbyaboutanorderofmagnitude. For lowermo-
menta, however, the allowed distance would have to be in-
creased in order to keep this good efﬁciency, unfortunately
atalossofpurity. AsfortheJ/ψ mesontracksathighermo-
menta are of prime interest, this is no issue here. Electrons
are then selected choosing a range of radii of  R ±3σ,
with  R  =6 . 1 7c ma n dσ = 0.14 cm. Pions leak into
this band and will be identiﬁed as electrons only from 8-
10 GeV/c on. After all cuts the efﬁciency of electron iden-
tiﬁcation is about 70 % in the momentum range from 2-7
∗Supported by EU/FP6 HADRONPHYSICS (see Annex) and partly
(A. Ayriyan, S. Lebedev) by RFBR grant No 05-01-00645-a.
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Figure 1: Results of simulations of central Au+Au colli-
sions at 25 AGeV beam energy. Left: Pion suppression for
electrons identiﬁed in CBM. Right: Invariant mass spec-
trum of reconstructed J/ψ mesons.
GeV/c. Figure1 (left)shows the resulting pionsuppression
deﬁned as π identiﬁed as e
π in RICH acceptance. Up to momenta of about
8 GeV/c pion misidentiﬁcation is solely due to ring-track
mismatches; from 8 GeV/c on pions leaking into the ra-
dius cut become dominant. Mismatches of proton tracks to
electron rings can be fully eliminated using TOF informa-
tion. Pions are further rejected using energy loss informa-
tion fromtheTRD. Thesummedenergylossin the 12TRD
layers is taken into account as well as the result of a statis-
tical analysis of the energy loss spectrum in each layer [4].
The combined pion suppression in RICH and TRD reaches
values larger than 104 for p>1 GeV/c.
Figure 1 (right) shows the invariant mass spectrum ex-
tracted after event reconstruction and electron identiﬁca-
tion as described above. In order to suppress the physi-
cal background, a cut on transverse momentum is applied
(pt > 1.2 GeV/c) on each track which shows only negligi-
ble effect on the J/ψ signal due to the high momenta of the
decay electrons. The most crucial factor for a good signal-
to-background ratio is the purity of the electron identiﬁca-
tion. Earlier simulations have shown that a factor 104 pion
suppression is needed which is nicely fulﬁlled by this sim-
ulation. Within the current simulation, J/ψ reconstruction
efﬁciencies and signal-to-backgroundratios are 9 %, 12 %,
14 % and 0.8, 1.7, 14.5 for central Au+Au collisions at 15,
25, 35 AGeV beam energy, respectively.
References
[1] V. Friese et al., The CBM experiment at FAIR, this report.
[2] S.A. Bass et al., Prog. Part. Nucl. Phys. 41 (1998) 255.
[3] W. Cassing et al., Nucl. Phys. A 674 (2000) 249.
[4] P.V. Zrelov, V. Ivanov, NIM A 310 (1991) 623.
FAIR-EXPERIMENTS-11
13Vector meson detection via µ+µ− decays in CBM ∗
A. Kiseleva1,R .D z h i g a d l o 2, S. Gorbunov3,I .K i s e l 3, and I. Vassiliev1
1GSI, Darmstadt, Germany; 2University, Kiev, Ukraine; 3University, Heidelberg, Germany
As an alternative approach to the dielectron measure-
ment we have investigated the possibility to detect vector
mesons(ρ,ω,φ, J/ψ)viatheirdecayintoμ+μ− pairs. The
muondetectionsystemislocateddownstreamtheSTS.The
actual design of the muon system consists of 5 hadron ab-
sorber layers made of tungsten, iron and carbon of variable
thickness, and of 16 detector layers with 100 μm position
resolution. The ﬁrst detector layer is positioned in front of
the ﬁrst (tungsten) absorber, three sensitive layers are lo-
cated in each gap between two absorbers, and three detec-
tors are located behindthe last absorber. For the muonsim-
ulation we take in to account not only STS and the muon
system, but also two stations of the Transition Radiation
Detectors (TRD) and the time-of-ﬂight (TOF) system.
The vector meson decays were simulated with the
PLUTO generator assuming a thermal source with a tem-
perature of 130 MeV. The ω multiplicity for central Au +
Au collisions at 15, 25 and 35 AGeV beam energies is
taken from the HSD transport code [1]. The background
was calculated with the UrQMD event generator. Both sig-
nal and background are transported through the detector
setupusingthetransportcodeGEANT3withinthecbmroot
simulation framework. The L1 tracking procedure [2] has
been used for the track ﬁnding at STS and muon system,
and for momentum reconstruction at STS. The time infor-
mation from the TOF detector was used for suppression
of punch-through protons and kaons. It turns out that the
resulting background is dominated by muons from weak
decays of charged pions and kaons.
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Figure1: Dimuoninvariantmassspectra fordifferentbeam
energies: black - 15 AGeV, gray - 25 AGeV, and solid line
-3 5AGeV. As a signal only the ω meson is included.
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beam energy (AGeV) 15 25 35
S/B ratio 0.16 0.14 0.14
efﬁciency (%) 2.2 3.3 4.4
Table 1: Signal-to-background ratio and efﬁciency for ω
detection in Au+Au collisions at differentbeam energies.
Figure 1 shows the dimuon invariant mass spectra for
central Au + Au collisions at different beam energies. As
a signal only the ω meson was included. The signal-to-
background ratio (calculated in a ±2σ window around the
signal peak) and the efﬁciency for ω meson detection is
listed in table 1 for different beam energies.
Figure 2 shows the dimuon invariant mass spectrum in
the regionofthe J/ψ peakforsemi-peripheralAu+Au col-
lisions at 25 AGeV. In this case the thickness of all hadron
absorberswasincreasedby15%. Thebackgroundwassup-
pressed by requiring muon transverse momenta of pt ≥ 1
GeV/c, and by kinematical cuts. The resulting signal-to-
background ratio is about 100 and the efﬁciency is 13%.
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Figure 2: Dimuon invariant mass spectrum in the region of
the J/ψ peak for semi-peripheral Au + Au collisions at 25
AGeV after cuts (see text).
The simulation results demonstrate the feasibility of
dimuon measurements using hadron absorbersin Au+Au
collisions at FAIR beam energies. In order to further sup-
press the muon background from weak decays we will
study a more compact muon detection system. Moreover
the hadron absorbers will be optimized separately for low
mass vector mesons and charmonium.
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Oneoftheoptionscurrentlyconsideredforleptonidenti-
ﬁcation with the CBM experiment[1] for FAIR is a shell of
multiple layers of Transition Radiation Detectors (TRD).
Being a heavy-ion ﬁxed target experiment in the energy
range of 5-35 A·GeV the goal of CBM is to look for rare
probes using the unique performance of FAIR in terms of
highintensity heavyionbeams. Thisrequiresa highgranu-
larity TRD with good performance speciﬁcally engineered
for a high counting rate environment. In this context, the
optimization of the e/π rejection factor relative to the num-
ber of layersand electronicread-outchannelsis a challeng-
ing requirement. Various prototypes [2] based on Multi-
wire ProportionalChambers(MWPC) were designed, built
and tested. Up to intensities of 100 kHz/cm2,n om a j o r
deterioration of their performance in terms of pulse height
and position resolution has been observed.
However, this performance was reached at the expense
of a low conversion efﬁciency for transition radiation in
such a single layer MWPC based TRD. In order to cir-
cumvent this aspect, we designed and built several variants
of a new prototype of TRD based on a double sided pad
read-out electrode[3] with gas volumes on either side. Ne-
glecting about 15% absorption in the central electrode, the
double sided conﬁguration is equivalent to a detector of 12
mm gas thickness, preserving the time response of the one
of half the thickness [4].
Figure 1: Pion efﬁciency at 90% electron efﬁciency at 1.5
GeV/c momentum as a function of number of layers
The prototype was tested in-beam at the SIS. The pion
rejection factor was extracted using the likelihood on in-
tegrated energy deposit [5]. The pion efﬁciency at 90%
electron efﬁciency at 1.5 GeV/c momentum as a function
of number of layers for a Rohacell radiator is depicted
in Fig. 1. The obtained pion efﬁciency for 6 layers is
3.32% for an anode voltage of 1800 V. For one run we
used a polypropylene foil stack (120 foils, 20 μmt h i c k -
ness, 500 μm spacing) as radiator. For an anode voltage of
1700 V the obtainedpion efﬁciency is (1.1%). The pion ef-
ﬁciency using Rohacell radiator at the same anode voltage
is 5.43%, i.e. the regular foil radiator improves the pion
rejection by almost a factor of ﬁve. If this improvement
factor is applied to the measurement obtained at 1800 V
anode voltage, a ﬁnal pion efﬁciency of 0.67% is obtained
for a 6 layer stack with a regular foil radiator.
Fig. 2 shows the pulse height distributions of pions and
electrons, respectively for 26·103,6 5 ·103, 110·103 and
220·103 particles/(s·cm2) counting rate.
Figure2: Pulseheightdistributionsfora)protonsandpions
and b) electrons as a function of rate
Within experimentalerrorswe concludethat thesedetec-
tors preservetheir pionefﬁciencyperformanceup to count-
ing rates of ∼200·103 particles/(s·cm2).
Giventheperformanceintermsofcountingrateandpion
efﬁciency this new principle of TRD commends itself as a
viable solution for high counting rate environments. For
a given pion efﬁciency and granularity it provides an opti-
mum material budget at a reduced numberof readout chan-
nels.
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Implementation of a Hough Tracker for CBM* 
C. Steinle
1, A. Kugel
1, and R. Männer
1 and the CBM Collaboration 
1University of Mannheim, Department of Computer Engineering V, 68131 Mannheim, Germany
Abstract: In this report we describe an adaptation 
of the Hough Transform for the tracking of particles 
in the CBM STS detector, together with a possible 
implementation of the algorithm in hardware using 
FPGAs.  
Hough Transform 
The Hough transform is a global method for track find-
ing. All STS detector hits have to be transformed into a 
parameter space according to the components of the track 
momentum p (θ, -q/pxz, m). This leads to our 3D Hough 
transform [1].  
The goal of the implementation is to process the track-
ing with maximum speed, e.g. to process one detector hit 
per clock cycle. Therefore the complicated calculations of 
the Hough transform according to the real detector ge-
ometry and the real magnetic field are implemented with 
look-up tables (LUTs). Since the calculation of the LUTs 
is done offline, any sufficiently precise algorithm can be 
used. 
Unfortunately a direct implementation of the 3D Hough 
space requires a huge amount of memory. This can be 
avoided by the decomposition into several 2D layers, 
where the number of parallely computed layers can be 
adjusted to the existing hardware resources (see figure 1). 
   
Figure 1: Hough Tracker algorithm structure 
Figure 2 shows the realization of the buffer between the 
LUTs. The main elements are a dual-ported RAM (DP-
RAM) and a register for each layer. The task of this unit is 
to store the information from the first LUT together with 
the information needed for the second LUT (see figure 1). 
Further on this data has to be stored in linked lists, while 
one list is needed for each layer. To this each entry of a 
list must have the ability to be moved to a list afterwards. 
Within this context the registers store the DP-RAM ad-
dress of the actual processed entry of the list, while the 
DP-RAM stores the information combined with the ad-
dress of the previous entry (link) of the list. So by proc-
essing the Hough entries one has just to modify the regis-
ters with addresses and to update the corresponding list 
addresses in the DP-RAM, if an entry has to be moved to 
a consecutive list. So the same Hough entry is prevented 
to occur more than once in the DP-RAM, even if it is used 
in more than one list and accordingly more than one layer. 
 
 
Figure 2: Hardware structure of the buffer 
At present the Hough transform is further developed, in 
particular the adjustment of a good algorithm to produce 
the LUTs. We started with the formulas: 
(1) 
 
(2) 
 
Important is in Formula 2 the constant B which represents 
originally a homogenous magnetic field. Within the soft-
ware framework we use instead of the correct inhomoge-
neous magnetic field an optimal constant factor for B at 
each detector plane. Our next step was to use the inhomo-
geneous field directly in the formula. This can be done by 
building the average of the integral of the magnetic field 
from the target to the actual plane. But surprisingly the 
algorithm’s efficiency is decreased. So our next step is to 
use the 4
th order Runge-Kutta method to improve the 
track model. This should end up in a better efficiency. We 
are able to use such a method because both sides of our 
transformation are digital and we are using LUTs. 
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One of the major experimental challenges of the CBM
experiment is to trigger on the displaced vertex of the D-
meson hadronic decay in the environment of a heavy-ion
collision. This task requires fast and efﬁcient track recon-
struction algorithms and high resolution secondary vertex
determination. Particulardifﬁcultiesinrecognizingthe dis-
placed vertex of the rare D meson decays are caused by
weak K0
S and hyperon decays which produce displaced
vertices close to the target (the mean life time of the D0
mesons is cτ = 122.9 μm), very low multiplicity and
branching ratio of the D meson production (5.8 · 10−6)
for the central Au+Au collision at 25AGeV, and multiple
scattering in the beam pipe and detectors.
To study the feasibility of open charm mesons measure-
ment in the CBM experiment 104 central Au+Au UrQMD
events at 25 AGeV have been simulated. K− and π+
pairs from D0 decays have been added to each event in or-
der to simulate a signal in the environment of background
hadrons. A realistic STS geometry with 2 MAPS, one hy-
brid and 4 double-sided strip detectors has been used. The
ﬁrst MAPS detectorhavebeenplacedat 10cm downstream
the target in order to reduce radiation damage. The pri-
mary vertex was reconstructed with high accuracy (5.7 μm
in z direction, 1.0 μmi nx and y) from about 450 tracks
ﬁtted in the STS with a non-homogeneous magnetic ﬁeld
by the Kalman ﬁlter procedure [1]. The resolution in the z
distribution of the secondary vertex of 54 μm as achieved
by the ﬁtting procedure is sufﬁcient to separate detached
secondary vertices from the primary vertex.
Because of originating from a displaced decay vertex,
the D0 meson daughter tracks have a non-vanishing im-
pact parameter at the target plane. Since the majority of the
primary tracks have very small impact parameter, a signif-
icant part of the combinatorial background can be rejected
u s i n gac u to nt h e i rχ2 distance to the primary vertex. The
combinatorial background is suppressed as well by the z-
vertex cut to select detached vertices, the requirement for
the D meson momentumto point to the primary vertex, the
pt-cutandthevertexχ2 cutforgoodqualitysecondaryver-
tices. After applying all cuts the background is suppressed
by a factor of 105 in the signal mass region, and the D0
reconstruction efﬁciency is 8.2% . The shape of the back-
ground in the signal IM region has been estimated using
the event mixing technique. The resulting backgroundplus
D0 signal spectrum is shown in Figure 1. The signal to
background ratio is about 0.8 .
A novel algorithm has been developed to reconstruct the
D0’s life time and the decay length together with their cor-
∗Work supported by EU-FP6 HADRONPHYSICS (see Annex)
)
2  (GeV/c inv m
1.5 2 2.5
)
2
E
n
t
r
i
e
s
 
/
 
4
 
(
M
e
V
/
c
0
200
400
600
800
)
0
D (
0 D
10cm first MAPS detector
S/B ~ 0.8
) 
0  + 30k D
0
D ~120k (90k 
eff ~ 8.2%
 mb events
12 per 10
Figure1: TheD0 andbackgroundinvariantmassspectrum.
The estimated spectrum corresponds to 2.5 · 107 minimum
bias events.
responding errors. The algorithm ﬁrst ﬁnds the primary
vertex using all reconstructed tracks, and then the D0 me-
son is reconstructed from its two daughter particles K−
and π+ using the primary vertex as the production point.
The accuracy of the life time is 9.8 μm/c, showing that
the reconstructed D0 particles are well separated from the
primary vertex. Figure 2 gives the distribution of the re-
constructed D0 life time with the ﬁtted mean value of
(122.8 ± 2.0) μm.
     0 N  612 ±  3.431e+04 
     τ c  2.0 ±  122.8 
m] μ  )  [
Reco  Life Time  ( cT
0 Distribution of D
0 200 400 600
E
n
t
r
i
e
s
 
(
a
.
u
.
)
1
10
2 10
     0 N  612 ±  3.431e+04 
     τ c  2.0 ±  122.8 
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It was already established that CMOS sensors provide
the single point resolution and reduced material budget re-
quired for the ambitioned MVD vertexing performances.
Achieving these performances in the CBM running con-
ditions is however challenging, especially because of the
required radiation tolerance and read-out speed. Important
steps addressing these issues were made in 2006. More-
over, a new generation of real size sensors was fabricated,
to be used for thinning and system integration studies [1].
Fast read-out architecture
The fast read-out architecture developed for the CBM
MVD extrapolates from the MIMOSA-8 prototype, de-
signed for the ILC vertex detector. The sensor includes
correlated double sampling micro-circuits and discrimina-
tors, and delivers discriminated binary signals [2]. Its
single point resolution was evaluated in Summer 2006 at
the CERN-SPS. A resolution of  7 µm was found, i.e.
slightly better than the intrinsic resolution (∼ 7.2 µm)r e -
ﬂecting the pixel pitch (25 µm). This result indicates that
integrated ADCs may not be mandatory to get a single
point resolution as small as ∼ 5 µm, provided the pixel
pitch is kept small enough (typically  18 µm). This per-
spective coincides with the need for a small pitch in order
to enhance the sensor tolerance to bulk damage, by reduc-
ing the distance the signal charges have to cross in order to
reach a sensing diode.
MIMOSA-8 was manufactured in TSMC 0.25 technol-
ogy, which features a  7 µm thick epitaxial layer. The
chip was translated in 2006 into the AMS 0.35 OPTO tech-
nology (MIMOSA-16), where the layer is ∼ 11 µm thick.
Besides a larger signal amplitude, MIMOSA-16 also in-
cludes other improvements: enhanced tolerance to ionising
radiation (MIMOSA-15 pixel architecture [2]), as well as
pixels incorporatinghighgain ampliﬁcationmicro-circuits.
Since it is not yet clear whether integrating an ADC at
the end of each column may be avoided, various ADC ar-
chitecturesarebeingdeveloped,insynergywiththeILCre-
quirements. TheﬁrstADC prototypes(5-bitWilkinsonand
4-bit successive-approximation ) designed at IPHC were
submitted to fabrication in Autumn 2006. Prominent de-
sign challenges include compactness, aspect ratio, signal
processing speed and power dissipation.
Radiation tolerance
Radiation tolerance studies started with MIMOSA-15 in
2005 [2] were complemented in 2006 with ∼ 5G e V / ce −
beam tests at DESY.
A sensor exposed to an integrated dose of ∼ 1M R a d
(obtained with a 10 keV X-Ray source) was observed to
still exhibit a S/N ratio of 19 (it was 27 before irradiation),
and a detection efﬁciency of ∼ 99.9 % at a coolant tem-
perature of -20◦C (180 µs integration time). These perfor-
mances validate the pixel architecture implementedagainst
parasitic leakage current generated by ionising radiation.
MIMOSA-15 chips irradiated with 1 MeV neutrons
were studied on the same beam. A sensor exposed
to ∼ 2·1012neq/cm2 still exhibited a detection efﬁciency
above 99 % at a coolant temperature of -20◦C. For a ﬂu-
ence of ∼ 6·1012neq/cm2, the detection efﬁciency dropped
to ∼ 80 %. Given the available room from improve-
ment, these results indicate that ﬂuences  1013neq/cm2
per MVD layer are likely to be tolerable.
Improvementsincludepixeldesignoptimisationandfab-
rication process choices which reduce the diffusion path of
the signal electrons before reaching a sensing diode. Ef-
forts were made in 2006 towards this goal, on the one hand
by designing pixels featuring L-shaped sensing diodes and
on the other hand by fabricating a sensor in a BiCMOS
process featuring an epitaxial layer with a relatively high
resistivity expected to allow for substantial depletion.
New generation of real size sensors
The most attractive fabrication technology characterised
so far is the AMS-0.35 OPTO process. Excellent tracking
performances were obtained with 5 consecutive small pro-
totypesfabricatedin this technologysince late 2003,which
was chosen for the sensors currently developed for short
term trackingapplications(STAR HFT,EUDET beamtele-
scope). The latter triggered an engineering run in 2006,
which was used to produce simultaneously a real size,
multi-purpose sensor, intended to equip a ﬁrst generation
MVD demonstrator. The sensor, which features 256x256
pixels of 30 µm pitch, is read out in  1 ms. It was fabri-
cated in 2 different versions, one where the epitaxial layer
is ∼ 11 µm thick (default value) and one where it is ex-
pected to be  16 µm (new commercial option). The engi-
neering run was also motivated by the possibility to study
the fabrication yield and to have a stock of real size sensors
available for thinning and system integration studies.
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We have designed the ﬁrst prototype of a silicon
micro-strip sensor that can serve as a building block of
detector modules for CBM’s Silicon Tracking System.
Tracking Stations
The tracking stations are planar arrangements of
micro-strip sensors, grouped into several modules of either
the same or different length, that cover at given positions
downstream of the target the ﬁducial area approximately
between 2.5 and 25 degrees polar angle. Figure 1 visual-
izes this station concept with a vertical orientation of the
modules and the long direction of the strips perpendicu-
lar to the bending plane of the magnet for best momen-
tum measurement. The ﬁrst and smallest station may be
as close as 30 cm to the target. The last and largest sta-
tion will be in about one meter distance from the target.
One of the key requirements of the Silicon Tracking Sys-
tem is a low-mass design to achieve momentum measure-
ment with about 1% resolution. Silicon micro-strip detec-
tors are compatible with a low-mass design as the sensors
themselves are thin. With an appropriate module struc-
ture, active readout electronics with its cooling require-
ments and material involved may be avoided in the aper-
ture. The strongly inhomogeneous track density proﬁle
makes a sectorized module structure necessary. Close to
the beam line, a module must comprise sensors with short
strips. Longer strips, realized either on single wafers or
by chaining two or more sensors, can be employed in the
regions further outside. Those different “sectors” must be
read out individually. This may be realized by routing the
strips’ analog signals from every sector through thin ﬂat
multi-line cables to front-end electronics at the periphery
of the stations.
Figure 1: Silicon micro-strip sensors arranged into mod-
ules of different lengths building up a tracking station.
∗Supported by EU/FP6 HADRONPHYSICS (see Annex) and INTAS
Sensor Design
We focused on a sensor compatible with this detector
modulestructure. Thedesign, shownin Fig. 2, addressesin
particularconnectivityissues. We intendtoemploydouble-
sided sensors with one strip orientation along the module’s
long axis, and a “stereo” direction on the second side. We
strived to accomplish that both sensor sides can be con-
tacted both at the top and the bottom edge. On the stereo
side, this requires interconnectionson a second metal layer
between the strips of the two corner regions. This layout
will enable us to chain several sensors, thus forming long
strip sectors for the outer regions of the tracking stations.
A staggered arrangement of the contact pads was applied
allowing a wire-bonding scheme that conserves the corre-
lation of neighbouringchannelsthroughthe chain up to the
readout electronics. Small stereo angles are preferred as
unavoidable dead area on the sensor sides is kept small.
Figure 2: (Left) Schematics of the sensor’s stereo side.
(Right) Chained sensors and their interconnections.
Detector R&D
The ﬁrst sensors, to be produced in 2007 [1], will have
a thickness of 200–300µm, are double-sided with 2×1024
AC-coupled strips of 50 µm pitch and feature a 15◦ stereo
angle between front and back side. They will be utilized
for the construction of a prototype detector module: an
assembly of chained sensors, readout electronics [2] and
mechanical support. Forthcoming prototypes will address
radiation hardness, the minimization of inactive area near
the edges, and will touch e.g. the biasing technique and
the layout of the guard rings structure. The development
of readout cables, made from ﬁne-pitch aluminum traces
on polyimide material for minimum material budget, is a
particular important task. The capacitance of sensor and
cable at the input of the front-endelectronicsmust be small
enough to achieve a sufﬁciently large signal-to-noise ratio.
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The measurement of hyperons will enable the CBM
experiment to characterise the strangeness content of the
ﬁreball created in high-energy nucleus-nucleus reactions,
one of the key observables to access the collision dynam-
ics. CBM aimsatmulti-differentialmeasurements(spectra,
ﬂow)asfunctionofcollisionenergyandsystemsize, which
is a challenging task in particular for the rare Ω close to its
elementary production threshold.
Hyperondetectionis performedinthetrackingsystemof
CBM (STS, see J. Heuser et al., this report) exploiting the
topology of weak decays into charged hadrons. The feasi-
bility studies are based on transport through the ﬁeld and
detector geometry, simulation of the anticipated detector
response and reconstruction of tracks and secondary ver-
tices in the STS (see I. Kisel et al., this report), all inside
the software framework CBMROOT (see M. Al-Turany et
al., this report).
Details about simulation and analysis can be found
in [1]. The hyperon detection feasibility was studied for
central Au+Au collisions at 25 AGeV using an improved
STS layout and digitisation scheme (2 hybrid pixel stations
and 6 double-sided strip stations with 50 μ m strip pitch
and 5◦ stereo angle) and an advanced secondary track ﬁnd-
ing algorithm. In addition, the topological analysis was
reﬁned with respect to that presented in [1]. The main
cut parameters to suppress the combinatorial background
of uncorrelated pions and kaons are the track impact pa-
rameter in the target plane, the distance of closest approach
of the track pair, the impact parameter of the reconstructed
mother track, and the position of the ﬁtted decay vertex
along the beam axis.
Figure 1: Invariant mass signals for (left) Ξ− → Λπ− and
(right) Ω− → ΛK− for central Au+Au collisions at 25
AGeV after acceptance and topological cuts
The invaraint-mass signals for Ξ− and Ω− obtained af-
ter all topological cuts are shown in ﬁgure 1. The hyper-
ons can be reconstructed almost background-free due to
∗Work supported by EU-FP6 HADRONPHYSICS
the excellent performance of the tracking system. Table 1
shows the obtained geometrical acceptance, reconstruction
efﬁciencies and signal-to-background ratio for Λ, Ξ− and
Ω− after track reconstruction and all topological cuts.
Acceptance Efﬁciency S/B
Λ 0.171 0.56 110
Ξ− 0.065 0.26 39
Ω− 0.075 0.36 86
Table 1: Geometrical acceptance, reconstruction efﬁciency
and signal-to-background ratio for hyperons in central
Au+Au collision at 25 AGeV
Lately, it has been proposed that the CBM experiment
could in addition be operated at SIS-100 for beam ener-
gies between 2 and 10 AGeV. Thus, the study has been ex-
tended towards smaller collision energies. Here, the mea-
surement becomes tedious because of the extremely low
hyperon production rates, e. g. about 10−3 for Ω− in cen-
tral Au+Au at 6 AGeV. The ΛK− invariant mass distribu-
tion after all cuts for this collision system is shown in ﬁg. 2
(left). It is clearly dominated by the background. However,
assuming perfect PID of the secondaries, a signiﬁcant sig-
nal can be obtained (ﬁg. 2, right). Thus, a measurement of
the Ω at this sub-threshold energy is still possible provided
the charged daughter particles can be identiﬁed by means
oftheCBM-TOFdetector(seeD. Gonz´ alez-Diazetal., this
report).
Figure 2: Invariant mass signals Ω− → ΛK− for central
Au+Au collisions at 6 AGeV after acceptance and topo-
logical cuts. The left panel shows the distribution without
PID, the right panel with perfect identiﬁcation of the sec-
ondaries.
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The R3B project at the FAIR facility at GSI aims for in-
vestigations of unstable nuclei by means of reactions with
high-energy radioactive beams in inverse kinematics [1].
The physics program of this project includes studies of re-
actions involving the emission of neutrons with projectile-
like velocities. In order to perform kinematically complete
measurements, a high energy neutron detector is required.
For this purpose, the high resolution neutron time-of-ﬂight
spectrometer NeuLAND is being developed.
ThedesiredneutronmomentumresolutionofNeuLAND
is Δp/p =1 0 −3, which is similar to that for the measure-
ment ofchargedparticles. Sincethe neutronﬂight pathwill
range from 10 to 35 m, this momentum resolution can be
reached at a time-of-ﬂight resolution of σt < 100 ps and
a position resolution of σx,y,z   1 cm. For measurements
involving the maximum ﬂight length of 35 m, an invariant-
mass resolution of about ΔE = 30 keV at 1 MeV above the
neutron threshold can be achieved for medium-massnuclei
at beam energies of about 500 MeV per nucleon. The de-
sign parameters also ask for a neutron detection efﬁciency
of more than 90%.
The existing neutron detector LAND [2] uses organic
scintillator as detection medium and iron as passive con-
verter. With this conﬁguration, a time resolution of about
σt ≤ 250 ps and a position resolution of σx,y,z   3c mi s
observed. For NeuLAND, the feasibility of using multigap
Resistive Plate Chambers (RPC) is being investigated,
since they offer time resolutions down to 50 ps for min-
imum ionizing particles. Neutrons that interact with the
iron converter will produce hadronic showers, dominated
by protons at various energies. Since up to now, the
response of RPCs to non-minimum ionizing particles is
not well known, a test experiment with proton beams has
been carried out at KVI in Groningen (Netherlands).
Two different RPC types have been investigated dur-
ing this experiment with proton beams at 190 MeV, 120
MeV, and at several energies between 80 and 30 MeV. The
ﬁrst RPC, built by the FOPI collaboration [3], was a 90 ×
4.6 cm2,2× 4 gap RPC (220 μm gaps), with a 16-strip
anode. The second RPC was a shielded 2 × 2g a pR P C
[4], a technology also foreseen for the HADES RPC TOF
wall, providedby LIP-Coimbra and composed of ﬁve 60 ×
2c m 2 structurelesselectrodesthat deﬁne300μmgaps .The
standard RPC gas mixture was used for both RPCs with a
∗ Work supported by BMBF (contract no. 06MZ222I) and EU, EU-
RONS (contract no. 506065).
total gas ﬂow of approximately 3.6 l/h. Typical high volt-
age values were -9.5 kV for the FOPI RPC and +6.25 kV
for the LIP-Coimbra RPC. A 5 mm round collimator was
placed in front of the setup, and the beam rate was kept
at 100-200 counts per second. Futhermore, two plastic-
scintillatorcounterswereusedforthetriggerlogicandtime
reference.
Figure 1 shows the time spectrum of strip 4 of the FOPI
RPC for 120 MeV protons and an operating voltage of
-9.5 kV. A time resolution of σt   45 ps was observed.
The time resolution stays at reasonable values (σt   60 ps)
down to the lowest possible energy for the given setup
(Eprot   30 MeV). In case of the FOPI RPC efﬁciency, we
could determine a lower limit of 90% for all proton ener-
gies used.
 [channels] SCI1  - t R4 t
260 265 270 275 280 285 290 295 300
C
o
u
n
t
s
1
10
2 10
3 10
4 10
 = 45 ps t σ
Figure 1: Time resolution of a FOPI RPC strip with
120MeVprotons. TDCconversionfactor  40ps/channel.
Although the electronic readout was optimized for the
FOPI RPC, the measurement with the LIP-Coimbra RPC
yielded time resolutions of σt   80-100 ps and efﬁciencies
of nearly 100%.
These results demonstrate the feasibility of the neutron
detection concept using converter plus RPCs for charged-
particle detection. A dedicated prototype adapted to the
NeuLAND concept and geometry will be developed and
tested in the near future.
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The R3B experimental program related to the investiga-
tion of reaction mechanisms with heavy beams (ﬁssion,
fragmentation or multi-fragmentation) requires a high-
resolution time-of-ﬂight detector (ToF-wall) for residual
nuclei identiﬁcation. The main requirements of this detec-
tor are to cover the full acceptance of all charged particles
and ions produced in relativistic heavy-ion collisions (50
mrad), a good granularity and an excellent time-of-ﬂight
resolution to fully identify nuclei around mass 200. For a
15 m ﬂight path the detector should cover a surface close
to 2 m2 with individual detection cells of few cm2.T h e
ﬂight path, together with the bending power of the R3B
magnet and the position resolution of the tracking detec-
tors (200 μm) impose a time resolution for the ToF mea-
surement around 50 ps (σ).
The technical solution adopted for the construction of
this ToF-wall is based on the use of resistive-plate cham-
bers (RPCs). These gas detectors have been proved to
provide excellent time resolution and good efﬁciency with
minimum ionising particles [1]. However, they have never
been used with heavy ions, requiring thus an important
R&D effort.
At theUniversityofSantiagodeCompostelaweinitiated
a year ago a program for construction and test of RPC pro-
totypes with ion beams. Several designs and construction
materials are being employed to produce different proto-
types. In particular, we have constructed and tested proto-
types built with four layers of 1 mm thickness soda-lime
ﬂoat glass with a surface of 60×5c m 2 deﬁning two gaps
of 300 μm. The signal is picked up from a common inner
copper electrode with a thickness of 2.5 cm while the outer
layers are grounded. This structure is surrounded by ﬁbre-
glass (G10)actingasmechanicalsupport[2]. Moreover,an
activeimpedanceadaptorplacedclosetotheRPCelectrode
pickup is used to improve the quality of the signals.
These prototypes were tested with cosmic rays and a
12C beam at 400 A MeV at GSI. Two plastic scintillators
placed in front and behind the RPCs provided the trigger
for timing and efﬁciency determination. The signals were
recorded with a 4 GHz Tektronix oscilloscope (TDS 7404)
set at 10 Gs/s.
The signals recorded during the irradiation of the RPC
prototype with a 12C beam at 400 A MeV, an intensity of
with few 1021 2 C/s and a beam spot of about 25×25 mm2
at the RPC position, show a typical amplitude of 10 mV
with a noise level around 0.5 mV (RMS) allowing to de-
ﬁne a clear threshold discrimination. The efﬁciency of the
measurement was determined selecting events with good
correlation between the charge integral and the amplitude
∗casarejo@usc.es
of the signals as shown in Fig. 1. This criterion allowed us
to determine a detection efﬁciency higher than 80% for op-
eration voltages between 4.4 and 5.0 kV. Considering the
uncertainties due to the geometrical overlap between the
scintillators and the RPC electrode, and the proﬁle of the
beam we can conclude that the two-gaps RPC presents an
excellent detection efﬁciency for highly ionising particles
such as 12C.
Figure 1: Scatter plot of the correlation between the charge
integral and the amplitude of the signals produced by the
RPC prototype described in the text, during the irradiation
with a 12C beam at 400 A MeV.
The present measurements yield a time resolution
around 250 ps for the combined RPC+trigger system. This
value is largely affected by the fact that the discrimination
electronics for the scintillator signals and the recording os-
cilloscope were placed outside the experimental cave, 20
meters away from the detectors. Therefore, this results will
be easily improved in future measurements with a better
deﬁnition of the trigger timing.
In the next future we foreseen to continue our R&D
program developing multi-strip RPC layers coupled to the
TAQUILA[3] readout cards developed by the DVEE de-
partment at GSI for the FOPI experiment.
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The performance of a new set-up of double-sided sili-
con micro-strip detectors (DSSD) developed for the R3B 
project [1] has been investigated in a production run 
aimed at measuring two-proton fragmentation of 
20Mg 
and 
17Ne [2]. 
To record simultaneously protons and the residual nu-
clei in micro-strip detectors requires both low-noise and 
wide-range integrated-circuit amplifiers. The present 
front-end electronics [3] uses VA64_hdr9 chips from 
IDEAS, Norway. The serialized differential linear output 
signals are fed into newly developed NIM modules 
(SIDEREM [4]) that digitize the signals, perform pedestal 
and common-noise subtraction and send the data via the 
serial data bus (GTB) to a universal VME interface mod-
ule (SAM5) for integration into the standard GSI data-
acquisition system, MBS. 
Our experimental results show that both protons and 
heavy ions can be identified with good signal-to-noise 
ratio and high resolution. In Fig. 1 we show the energy-
deposition spectra of ions ranging from protons to Mg 
corrected for variations in the gain of the individual chan-
nels and in the charge-collection efficiency dependent on 
the inter-strip hit position. The correction is different for 
the junction (S) side and the ohmic (K) side. 
 
 
 
Figure 1:  DSSD energy-loss spectrum, S-side. In the in-
sert we show the proton spectrum detected in coincidence 
with 
17Ne fragments obtained from 
20Mg break-up. 
 
Due to capacitive coupling between neighbouring strips 
the width of a hit cluster (defined as the number of adja-
cent strips showing a charge collection above 2σ of the 
noise level) depends on the total energy deposited in a 
cluster, i.e., on the atomic number Z of the ion. In Fig. 2 
we plot the observed cluster widths as a function of Z. It 
is obvious that protons (which mostly fire a single strip) 
can be detected together with heavy ions only if they are 
well separated from the heavy-ion-peak centroid. The 
energy window for which the detectors show linear en-
ergy response is from minimum ionising particles up to 
16 MeV for the K-side and  23 MeV for the S-side. 
       Figure 2: Cluster width as a function of Z. 
 
The DSSD setup will be used in 2007 for astrophysical 
experiments (Coulomb breakup on Pb targets as time-
reversed p-capture) and for quasi-free-scattering experi-
ments on CH2 targets. In the latter case, four detectors 
form a box around the beam axis covering an angular 
range of 15 to 75 degrees to detect protons from both tar-
get and projectile in (p,2p) reactions. This detection sys-
tem serves as a prototype for the R3B recoil detector, 
which will be composed of a two-layer Si-strip tracker 
enabling the use of extended, thick liquid-H targets for 
quasi-free-scattering experiments with low-intensity ra-
dioactive beams. 
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A calorimeter for in-ﬂight detection of γ-rays and light
charged particles is one of the main detection systems of
the R3B experiment at FAIR. This detector will be used in
most of the physical cases presented in the R3B Technical
proposal [1], though the requirements differ signiﬁcantly
fromonecase to theother. In somecasesit isthe γ-raysum
energy that is required (σ(Esum)/ Esum  < 10%), while in
others the detector has to be able to provide γ-ray multi-
plicities (σ(Nγ)/ Nγ  < 10%) and individual γ-ray ener-
gies (2-3 % ΔE/E) for spectroscopic purposes. As a key
requirement the detector has also to act as the calorime-
ter for the target Silicon recoil detector described in [1, 2].
Hence, the detector has to stop and measure the total en-
ergy of high-energy light charged particles, i.e. protons up
to 300 MeV, with good energy resolution (2-3 % ΔE/E).
The main propertiesof this device,high totalabsorptionef-
ﬁciency (≥ 80%for γ’s at 15 MeV in the laboratoryframe)
and good angular resolution(≈ 1d e gf o rΘ ≈ 35 deg), are
imposed by the very particular kinematics of energetic γ-
rays (up to 30 MeV in the CM system) emitted by sources
moving with relativistic velocities and by the typically low
intensities of the secondary beams involved. In order to
ensure these nominal values in all the angular domain, the
polar angular segmentation and the thickness of the scin-
tillation material will be optimise for separate angular re-
gions. All these considerations determine the choice of the
device geometry.
Several options are under study to guarantee the polar seg-
mentation. In a ﬁrst design, we propose a detector divided
into small frustum-like crystals. The dimensions and type
of scintillator used woulddependonthe γ-rayemission an-
gle (ﬁnger-likesolution). Eachcrystalwill be coupledto an
individualreadoutdevice,beingtheﬁnalangularresolution
determined by the crystal entrance area. Another posible
solution is based on larger area crystals coupled to several
readout devices and where the ﬁnal angular resolution will
be deduced from the combined information from the dif-
ferent sensors. Finally, a third solution would consider two
detection stages, the ﬁrst one made of thin detectors with
very high granularity,providingthe angular resolution,and
the second one with larger area and thick crystals ensuring
the total absorption function.
Extensive simulations using the GEANT4 package and
based on the ﬁrst geometrical approach have been per-
formed. In the present design (Figure 1), around 5000
crystals will surround the reaction target with a total length
of 130 cm, 35 cm of internal radius and external variable
radius ranging between 46-77 cm. We distinguish a cen-
tral part or BARREL, with cylindrical shape, covering po-
Figure 1: Graphical representation of a preliminary geo-
metrical design of the R3B calorimeter.
lar angles between 40 and 130 degrees, and an ENDCAP,
with semi-spherical shape, for polar angles between 7 and
40 degrees. The crystals have the form of pyramidal frus-
tumwith rectangularbase,with theaxisorientatedapproxi-
matelytowardsaﬁxedpoint(thetarget,incoincidencewith
the center of coordinates of the system from which the po-
lar angles are measured). The amount, size and form of
the crystals are ﬁxed to ensure the angular segmentation
needed and to get a complete circle (ring). There are 5 dif-
ferent types of crystals in the BARREL and up to 24 in the
zone of the ENDCAP, where at low polar angles, it is com-
plicated to close a volume without gaps.
The selection of the appropriate scintillation material and
readout device is another critical parameter that would de-
termined the nominal energy resolution of the detector.
Presently, several inorganic scintillators are under study,
namely LaCl3(Ce), LaBr3(Ce), CsI(pure) and CsI(Tl). The
ﬁrst three materials have a rather good intrinsic resolution
(in the order of 3% for 662 keV γ’s) what coupled with an
appropiatedreadoutdevice will match the detectorrequire-
ments. However,theypresent some disadventages: the ﬁrst
two are at present rather expensive and highly hygroscopic
and the third one needs to be cooled down to LN2 temper-
atures to achieve this value. Those factors justify the study
of CsI(Tl) crystals coupled to adecuate sensors (APD or
PM) that with a moderateenergyresolution(lowerthan 5%
for 662 keV γ’s) could be a plausible solution, at least for
backward angles (BARREL).
This work is partially supported through EURONS (EU
contractNo506065)andthe SpanishResearchandScience
Ministry (FPA2005-00732and FPA2005-02379).
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The achievable resolution for the ELISe spectrometer 
system [1] is governed by the properties, i.e. resolution 
and induced straggling, of its constituting tracking detec-
tors. The requirements of operating the detectors within 
the proposed setup pose serious demands on the reliability 
and ability to be mounted in a self-supported way in vi-
cinity to the NESR/EAR interaction zone. The material 
budget in the path of the electrons emerging from the in-
teraction zone is of major concern. Straw tubes seem to 
fulfil most of these requirements. A prototype assembly 
has been put into operation in the GSI detector laboratory. 
A second straw tube array has been built and will be used 
together with the existing one in a test experiment at the 
S-DALINAC electron accelerator in Darmstadt. The ex-
periment is going to be carried out there in within the first 
half of 2007 in collaboration with the Institute of Nuclear 
Physics. 
In addition to an earlier described method to measure 
the performance of the detectors [2] we propose a second 
independent one that will help to improve the accuracy of 
the position determination. The procedure is based on 
using 2 sets of the straw tubes (see Fig.1). For the simula-
tion calculation, the energy and diameter of the electron 
beam were chosen to be 70 MeV, and 1 mm, respectively. 
The thickness of the target and the thickness of the alumi-
num foil are assumed to be 0.5 mm, and 0.1 mm. The 
distance between the first detector and output window 
was set to be 1 cm, the diameter of each straw tube is 8 
mm, the thickness of the mylar shell 0.11 mm. A mixture 
of argon (80%) and CO2 (20%) with atmospheric pressure 
inside the detectors was assumed. A 20cm thick layer of 
air between output window and second detector group is 
taken into account.                
Figure 1: Test set-up for straw tube performance tests. 
 
To exclude low energy background contributions, a 
BaF2 scintillator detector will be used. Its size is 10 x 5 x 
4 сm
3; diameter of the photocathode of PM is 16 mm. The 
distance between the center of the BaF2 detector and the 
axis of the drift detector 6 is 10 cm. 
 
Figure 2: Simulated coordinate distributions in the second 
detector group depending on the number of detectors 0-4 
corresponding to the labels a)-e) respectively. A summary 
plot is shown in panel f). 
GEANT simulations have been performed for the 
whole setup. As a result a suppression of the low energy 
tail to one percent and an estimate for the multiple scatter-
ing contribution per detector (see Fig. 2) of about 4,7 
mrad at 70MeV electron energy is found. Scaled to the 
electron energy of the collider, this value will be suffi-
ciently small. 
The experimental verification of these results will allow 
to confidently use simulation calculations in order to op-
timize the number of straw tube layers, i.e. the achievable 
detection efficiency, with respect to the possible resolu-
tion of the electron spectrometer. 
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The detection and identification of ions in the ring-arc 
sections of the NESR being used as spectrometers is one 
of the common instrumentation issues for the FAIR in-
ring experiments (AIC, EXL, ELISe, SPARC). 
The characterization of long-range particles which are 
produced in nuclear collisions at intermediate and high 
energies is here at interest. The range of these particles is 
in the order of several tens of cm (for example in Si sol-
ids). At present, in order to register long-range fragments 
mainly CsI detector walls are used, which provide an en-
ergy resolution order 1%. However, it is problematic to 
operate CsI detectors in vacuum (especially in ultra-high 
vacuum). 
The objectives of this paper is to show the results of a 
carried out evaluation of available detector systems and 
techniques which could be used for detecting high-
ionizing particles in a wide energy region (i.e. from sev-
eral MeV/u up to several 100 MeV/u) with a high energy 
resolution (order 10 
-3), in order to be able to distinguish 
projectile-like fragments from the non-reacting ion beam, 
that are expected to fall very close in their magnetic rigid-
ity. We also aim for a 100% detector efficiency and reli-
able (Z,A) identification power. 
For this a Si detector type was chosen as being widely 
available and satisfying indicated above requirements. An 
advantage of thick silicon detectors in comparison with 
HPGe is the low atomic number which is responsible for 
a suppression of the gamma ray background through 
Compton scattering. We used sufficiently low cost indus-
trially produced high resistively silicon (1000–2500 Ω 
cm). A coaxial lithium drift technology was applied. In 
contrast to planar technology it uses a radial electric field 
to drift Li from the detector surface onto the center fol-
lowing the applied electric field gradient.  
 
Figure 1: View of a wall of 22 hexagonal Si detectors. 
The detectors (Fig. 1.) under investigation [1-3] have 
the following dimensions: 28–30mm in diameter, 9 mm 
of length (100 mm was also made), the drift thickness is 
12 mm; the sensitive volume is up to 90%. Insensitive 
parts of the detector are: a diffusion lithium layer 0.3mm 
thick situated on the crystal surface, and the central core. 
The lithium layer and the p-type core form n
- and p
+ of a 
diode, respectively. The main steps of the production 
process are: lapping, etching and washing of the crystal; 
applying the lithium on a side surface of the crystal and 
lithium diffusion; lithium drift in radial electric field at a 
temperature of 140
0C for 250h for a thickness of 12 mm; 
clean etching and test measurements. 
        
Figure 2: ΔE,E Separation plot for different light isotopes. 
The totally depleted Si(Li) coaxial detectors are made of 
HR industrial Si and were studied under difference tem-
perature and voltage treatment conditions. Detection of 
monochromatic radioactive beams 
6He and 
7-9Li with en-
ergy from 150 till 300 MeV, carried out at the COMBAS 
separator [4] coupled to the U-400M cyclotron at JINR, 
Dubna show (Fig. 2.) that Si(Li) coaxial detectors reach 
an energy resolution in the range from 0.5% to 0.7%. 
The results of measurements also indicate that the resolu-
tion crucially depends on the energy losses in the entrance 
window of the detector system and should be kept below 
100 KeV. We have also prepared telescopes made of a ΔE 
coaxial detector (0.2 mm) and E coaxial detector (10 and 
100 mm, respectively) to extend the studies of detector 
performance (i.e. resolution, efficiency) and identification 
power to the measurement of more complex isotopic 
spectra. 
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HISPEC [1,2] deals with a versatile, high-resolution, 
high-efficiency spectroscopy set-up to address questions 
in nuclear structure, reactions and astrophysics using ra-
dioactive beams with energies of 3-150 MeV/u. The HIS-
PEC setup will be located at the low-energy branch of the 
SuperFRS, with the possibility to be mounted both before 
or behind the planned energy buncher. The experimental 
techniques to be used can be grouped together in relation 
to two different energy regimes (see Table 1). 
 
 Table 1: Experimental techniques for high-resolution 
spectroscopy at the low-energy branch. 
Beam-energy 
range 
Experimental method 
 E/A ~ 100 MeV  
 
 
E/A ~ 5 MeV; 
(Coulomb 
barrier) 
Coulomb excitation,  
Secondary fragmentation  
 
Coulomb excitation,  
direct and deep-inelastic,  
fusion evaporation reactions 
 
 
 
Fig.1 Schematic view of the HISPEC set-up. 
 
The HISPEC set-up (figure 1) will comprise beam track-
ing and identification detectors placed before and behind 
the secondary target, the AGATA Ge array, charged par-
ticle detectors [3], a plunger, a magnetic spectrometer and 
other ancillary detectors. It can be combined for recoil 
decay studies, with the decay detectors of the DESPEC 
[4] project. 
The HISPEC set-up has at its core AGATA [5], the next 
generation gamma-ray tracking array, with a resolving 
power hugely exceeding the presently available Ge-
arrays. AGATA (Advanced Gamma Tracking Array) is 
designed to be a 4π detector consisting of 180 germanium 
detectors. Each detector crystal will be segmented 36 
ways. Within each detector pulse shape analysis will be 
used to determine the interaction positions of the gamma 
rays to an accuracy of ~2 mm. Tracking algorithms will 
be used to reconstruct the paths of gamma rays passing 
through the detectors.  
The effect of ancillary detectors (charged particle arrays, 
plunger) to be used in conjunction with AGATA has been 
simulated. Special emphasis was given to the uncertain-
ties in energy, position and angle of the γ-ray emitting 
particles. The requirements with respect to the beam 
tracking detectors has been determined [6,1], and this 
performance can, in principle, be reached with existing 
technology.  
The AGATA demonstrator, consisting of five triple clus-
ter modules (15 Ge crystals) will start to operate in Leg-
naro in 2008. It is envisaged that AGATA will be moved 
to the SIS-FRS facility in around 2010 for an early im-
plementation physics programme within the HISPEC pro-
ject. The five units of the AGATA demonstrator will be 
placed at a distance of ca. 15 cm at forward angles.             
The detectors will form a ring subtending an angular 
range from about 8°to 44°. According to calculations the 
efficiency at Mγ = 3 (20) amounts to about 8.6% (6.1%) at 
100 A·MeV/u. The position resolution of the AGATA 
detectors ensures an energy resolution after Doppler cor-
rection of ≈0.5% (taking into account the remaining un-
certainty in the particle position and velocity).  
The AGATA sub-array will complemented by the 105 Ge 
detectors of RISING [7]. The efficiency as well the en-
ergy resolution of the AGATA part of the proposed layout 
is almost three times better then what is achieved with the 
current RISING set-up. Keeping in mind the low to mod-
erate multiplicities expected the gain in sensitivity and 
selectivity is substantial. Combining both systems enables 
e.g. for the first time highly selective γγ-coincidences to 
be measured in fragmentation reactions.  
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This contribution describes DESPEC [1] (DEcay SPEC-
troscopy) which together with HISPEC [2] constitutes one 
of the proposed and accepted joint experiments of NuS-
TAR. Decay studies of implanted activities will be vital 
for our understanding of nuclear structure and astrophys-
ics far from stability where FAIR will produce the most 
exotic beams of nuclei with short half-lives. Decay stud-
ies of isomeric levels is also a central part of the experi-
mental plan. Another very interesting application of 
DESPEC is to work in combination with HISPEC for 
recoil tagging experiments. Last year we described the 
scientific motivation for DESPEC. In the present report 
we will rather focus on the “core” experimental set-up 
which is presented in Fig.1. Most of the experiments 
planned at DESPEC will involve radioactive beams from 
 
Figure 1: DESPEC “core” experimental set-up 
the Super –FRS Low Energy Branch decelerated to 50 to 
70 Mev/A, their deep implantation in an active stopper 
and the subsequent measurement of the emitted radiation, 
in general ß-particles, protons or neutrons and γ-rays. 
Extensive simulations of the beam optics and detector 
design were performed in 2006 which led to the following 
outcome given for three detector types.  
Implantation detector 
We envisage 8 detector units, 24cm x 8cm comprising 
three  1 mm thick DSSD 8cm x 8cm detectors within a 
common PCB support structure. In addition an upstream 
and a downstream single plastic detectors of 24cm x 8cm 
and 2mm thickness will provide the dE and the veto sig-
nals respectively. The segmentation required of the sili-
con strip detectors is determined by the implantation rate, 
the maximum half-lives of interest and the need to reduce 
the input loading (capacitance and leakage current) of the 
instrumentation to achieve good noise (low threshold) 
performance. In the process of optimizing the segmenta-
tion of the setup to be suitable for large variety of experi-
ments we decided that each DSSD will consists of 128 
p+n junction and 128 n+n Ohmic strips which means that 
each  24cm x 8cm detector comprises 3x128x128=49152 
quasi-pixels. 
High resolution γ-detection array 
We propose two alternative solutions for the gamma ar-
ray. a) An array consisting of 24 stacks of three planar 
double-sided Ge strip detectors. b) Six TIGRESS type 
CLOVER detectors [3]. The first solution will have 
higher granularity and better performance at low energy 
while the second will be clearly better for high energy γ-
rays often present in β-decays with high Q-values. A 
Montecarlo simulation of the efficiencies and the peak-to-
total ratios using Geant4 for the two proposed set-ups was 
presented last year [4]. Preliminary studies of tracking 
capabilities of the planar set up will be presented in a 
separate contribution to this report [5]. A prototype of a 
planar stack of two Ge planars is  being developed. 
  
Neutron detectors 
The goal of an ideal beta delayed neutron experiment is to 
measure individual neutrons with high efficiency, good 
energy resolution and in coincidence with the gamma rays 
measured with a high resolution gamma-ray set-up. At 
DESPEC we plan to have two complementary neutron 
set-ups. a) A moderator based 4Л detector with more than 
30% efficiency over a broad range of energies for neutron 
branching ratio measurements. Such detector has a mar-
ginal energy resolution and is unsuited for prompt coinci-
dence with the gammas due to the large moderation times 
of 10 to 100 ms after the neutron emission. b) A much 
faster set-up for measuring the neutron energies based on 
NE213/BC501 liquid scintillators arranged in the way 
shown in the figure. Using the detection of the beta parti-
cle as a trigger signal, the energy of the neutron is recon-
structed by means of time-of-flight (TOF). The non negli-
gible gamma ray sensitivity of the scintillators to the 
gamma-rays can be suppressed using discrimination tech-
niques based on the pulse shape analysis. 
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In the context of the DEcay SPECtroscopy project (DE-
SPEC) a high resolution gamma-ray tracking cluster based
on the Ge planar detector technologyis being designed [1].
It should cover all types of decay experiments with im-
plantedradioactiveions. In experimentswheredecaytimes
are longerthantypically100μs, the standard”implantation
particle - decay γ correlation” method of the background
suppression is not effective due to increased random coin-
cidences. As an alternative the imaging capability of the
planned detector array can be exploited to trace the origin
of the gamma rays back to the implantation target. The ap-
plied method is based on a kinematical relation of the scat-
tered photon energy ¯ hω

(and therefore an energy of the
recoil electron ΔE =¯ hω − ¯ hω

) to the scattering angle θ
¯ hω

=
¯ hω
1+ ¯ hω
mec2(1 − cosθ)
. (1)
When the origin of the photon is known, a redundant in-
formation about it’s ﬁrst scattering angle θ in the detector
can be obtained. On one side it can be determined from
the positions of the interactions (θgeometrical), on the other
side from the initial and deposited energy of the photon us-
ing formula 1 (θkinematical). In ﬁgure 1 one sees the sim-
ulated angular difference Δθ = θgeom − θkin for the case
of a detector with an ideal energy and position resolution,
and for the real detector with 1 mm position resolution.
Figure 1: Distribution of the angular difference Δθ.
With a lossofstatistics onemayimprovethe angularres-
olution by considering only the scattering events where the
photon travels a signiﬁcant distance after the scattering (a
long ”lever arm”). For the case of the scattering distance R
more than 15 mm an example distribution is shown. Note
that for background photons originating from random po-
sitions the angles θgeom and θkin will not match, and these
Figure 2: Compromise between the background suppres-
sion factor and the statistics. Open symbols: an addi-
tional condition was applied on the ﬁrst scattering distance
R > 15 mm.
events will not contribute to the Δθ angle peak. There-
fore the selection of the true events can be accomplished
by setting up a window condition on this peak. The width
of this window determines the amount of the events kept in
the photopeak as well as the background suppression fac-
tor and therefore its a subject of an optimization. A depen-
danceofthe backgroundsuppressionfactoron thestatistics
is plotted in ﬁgure 2.
An additional possibility to further increase the peak-to-
background ratio in the spectrum without a concomitant
loss of the statistics is to exploit the fact that photons de-
posit their energy preferably close to the surface of the de-
tector. Based on this a weighting factor exp(−r/r0(E))
was applied for every point in the energy spectrum, where
r is the part of the the distance between the gamma source
andtheﬁrstinteractioninthedetector,whichphotonpasses
inside Ge,a n dr0(E) is an energy dependent Compton
mean free path of a photon in Ge. An improvement of the
Signal/Noise ratio due to this factor is ∼ 1.3 for 2 MeV
photons and ∼ 3.8 for 200 keV photons. This weighting
factor is already applied in ﬁgure 2.
Monte-Carlo simulations of the imaging capabilities of
the prototype detector unit for the DESPEC Ge array show
its high background suppression capabilities. The peak-to-
background ratio can be improved by a factor of 10 while
keeping 80 % of statistics. Compromising the kept statis-
tics this factor can rise up to 100 or more.
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The energy range provided at the Low-Energy Branch 
(LEB) allows to investigate the effect of Coulomb and 
nuclear fields at time scales which are most relevant for 
the structure of exotic nuclei. Here it is proposed to study 
direct nuclear reactions, elastic and inelastic scattering, 
break-up, and transfer reactions of exotic nuclei using an 
efficient charged particle detector, the HYbrid DEtector 
array (HYDE). Such studies will provide complementary 
information for B(Eλ) values, quadrupole deformations, 
spectroscopic values, collective phenomena and nucleon-
nucleon correlations for very exotic nuclei with half lives 
down to the microsecond. 
 
Figure 1: Simula-
tions of the per-
formance of a parti-
cle telescope (40 um 
DE and 2 mm E) in 
the scattering of a 
5MeV/u beam of 
light ions from a 
208Pb target. The 
upper and lower 
plots show the ef-
fect of an efficient 
tracking device. 
 
 
 
To achieve this goal the HYDE array should provide 
maximum solid angle with good angular, energy, charge 
and mass resolution for the reaction fragments. 
Preliminary simulations of detector performance using 
silicon detector telescopes have been carried out. The 
results indicate that it is possible to achieve an efficient 
mass and charge identification if a fast tracking system 
(<100 ps) is implemented (figure1). The mechanical 
design will be such that the array could be used in 
combination with other detectors, like the gamma detector 
array AGATA.  
Following a traditional (conceptual) design, the HYDE 
array would be build of several telescope detector units, 
each one composed of two layers of segmented silicon 
detectors, and one unit of CsI(Ta). Nevertheless 
additional detector materials and configurations should be 
investigated.  
A recent test of diamond detectors was performed last 
June 2006 at the C.N.A Tandem accelerator in Seville, 
Spain. In this experiment time and energy response of 
both poly and single crystal CVD diamond materials were 
investigated. Diamond detectors are also of interest for 
the construction of fast tracking devices.   
An important research effort is also dedicated to the 
development of efficient pulse shape analysis (PSA) 
techniques for particle identification with silicon 
detectors.   Activity already started by building a data 
base of pulse shapes. This task is complemented by an 
active working group developing tools for shape 
classification using neural networks (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Isobaric separation of Ar isotopes at 5 MeV/u using 
PSA with neural networks (data from FAZIA collaboration). 
 
Complementary to this activity is the development of 
specific ASIC for the front end electronics, fast digital 
signal processors for PSA in combination with an 
efficient data acquisition system.  Part of the R&D work 
is being carried out in collaboration with SPIRAL2 
working groups. HYDE is part of the HISPEC/DESPEC 
collaboration of the Low Energy Branch. 
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DESPEC is one of the experiments of the low-energy
branch project of the future installations at FAIR (GSI).
The main goal of this experiment is to study the decay
properties of exotic nuclei. The basic instrumentation of
this setup includes a set of implantation detectors, a Ge ar-
ray and neutron detectors. Presently the collaboration is
considering two possible setups for the Ge array. One pos-
sibility is to use an array of stacks of planar Ge detectors
speciﬁcally designed for DESPEC. The other alternative is
to use standard segmented Ge detectors of EXOGAM [1]
or TIGRESS [2] type. The R&D phase requires the real-
ization of Monte Carlo (MC) simulations to determine the
optimal setup for the future facility.
In this annual report we present a preliminary study of
the application of tracking techniques to the results of the
simulations. The idea is to apply the recent developments
forthetrackingarrayAGATAtoexploitmaximallythepos-
sibilities of the new array for DESPEC. To perform this
study a new MC code was developed which generates a
list-mode output that can be used in combination with the
tracking programs and algorithms developed for AGATA.
This output resembles the ones obtained in a real exper-
iment after using the pulse shape technique and contains
information on the position of the interactions and the de-
posited energy in the sensitive parts of the array after the
interaction with radiation.
The results obtained for the planar setup are presented
here. This setup consists on an array of 24 composite pla-
nar detectors. Each detector unit is formed by a stack of
three planar Ge detectors with dimensions 72 × 72× 22
mm3 with an active Ge volume of 68 × 68 × 22 mm3.
The distance between the planars is 3 mm and the stack is
encapsulated in an Al capsule of 1.5 mm thickness. The
composite detectors are positioned around a focal plane of
240 × 80 mm2. The described geometry has been imple-
mented using the MC code GEANT4 [3].
In this work the tracking code MGT developed by D.
Bazzacco was used [4]. The MGT code has several ingre-
dients: ﬁrstapreprocessingoftheinteractionpointsisdone
in orderto take into account the effects of a non-idealpulse
shape analysis, next the interactionpoints are clustered and
a reconstruction process is applied (forward tracking) and
ﬁnallytheresultsofthereconstructionprocessareaccepted
or rejected according to a validation criteria.
The results, presented in Table 1, correspond to the ap-
plication of the MGT code to simulation data of centered,
point-likemonoenergeticgammasources. Theﬁrst column
∗on leave from MTA ATOMKI, Debrecen, Hungary
shows the energy of the emitted gamma rays. The second
presents the maximum peak efﬁciency that can be obtained
with the setup (acting as a total absorption spectrometer).
The third and fourth columns show the peak to total ra-
tio obtained in case the planar and the stack detectors are
considered individually. The ﬁfth column shows the peak
to total ratio obtained after the application of the tracking
code. Finally the last column presents the efﬁciency of the
tracking code.
Table 1: Results of the simulations for monoenergetic
gamma rays (see text for details).
E Eff. P/T P/T P/T Track.
(MeV) Peak planar stack Track Eff.
0.10 47.1 85 89 89 99
0.25 38.2 44 55 69 96
0.50 26.7 19 32 48 96
1.00 18.4 11 21 36 94
2.00 13.2 7 16 28 92
5.00 6.8 3 7 13 81
As part of our work (not presented here) the effect of the
emission of gamma cascades on the tracking efﬁciency has
also been considered. The next step of our work will be
the study of the performanceof tracking algorithms for the
segmented CLOVER setup.
Acknowledgments: A. Aacknowledgesthecollaborationof
Prof. D. Bazzacco and Dr. E. Farnea in the realization of
this work.
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The silicon target-recoil detector - EXL Silicon Particle
Array (ESPA) - is designed to detect light recoil particles
in experiments measuring elastic and inelastic scattering,
charge-exchange, transfer reactions and quasi-free scatter-
ing. The EXL project objective is to study the structure of
exotic nuclei in light-ion scattering experiments in inverse
kinematics at the NESR storage ring. The ESPA will be a
part of the setup which also includes gamma-ray and slow-
neutron detectors, forward detectors for fast ejectiles and
an in-ring heavy-ion spectrometer.
The ESPA surroundsthe internal gas-jet target and is di-
vided into 6 regions: D, C, B, A, E’, E [1]. It consists of
arrays of thin double-sided silicon strip detectors (DSSD)
and thick lithium drifted silicon detectors (Si(Li)). Regions
D andC (trackingsection, 10◦ <θ<75◦) includetwo lay-
ers of thin DSSDs, regions B and A (non-tracking section,
75◦ <θ<89◦) - only one layer.
A simulation program was developed for modelling the
ESPA responseto thetracksofparticlesintheregionsD,C,
B, A usingtheGeant4framework(Figure 1). Thestructure
of the program makes it possible to add silicon detectors
from other regions (E’, E) in the same way and to include
an interface to external event generators.
Figure 1: Part of ESPA geometry (regions A, B, C and D)
in Geant4.
Geometry parameters are not ”hard-coded” inside the
program code. The set of basic geometry parameters, ma-
terial properties and parameters that control the initializa-
tion stage, geometry building and the run of the program
are read in from ASCII ﬁles and stored in a multimap con-
tainer. All necessary internal geometry parameters are de-
rived from the basic set. This structure permits to change
input to any database.
The program permits to make different changes in ge-
ometry building and run conditions without recompilation.
∗Work supported by EU, EURONS contract No. 506065.
† http://ns.ph.liv.ac.uk/∼mc/EXL/ns-instrum-exl.html
Setup geometry may be built without thick silicon detec-
tors and without some regions. There is also possibility to
build geometrywithoutthe ﬁrst layersof thin DSSDs in the
regions D and C. There are options for primary vertex dis-
placement and smearing using the Gaussian distributions.
The simulation program writes event headers and hits to
the binary ﬁle. There is possibility to write output to the
ROOT ﬁle.
The simulation output ﬁle is read in by the digitization
program. All hits which belong to the same silicon detec-
tor are grouped and energy deposits are summed. For thin
DSSDs localcoordinatesofthe primaryparticleentrypoint
are corrected taking into account the strip pitch. Obtained
values of energy losses and time-of-ﬂight are folded with
resolutions taken from the known test results.
The simulation and digitization programs are designed
to simulate events for investigation of angular and energy
resolution and particle identiﬁcation. The aim is to opti-
mize the detector geometry. In particular, it was shown
that for expected value of vertex spread for gas-jet target
(σ = 0.5 mm) the increase of strip pitch to 0.5 mm does not
worsenconsiderablytheangularresolution(about0.06◦)i n
the non-trackingsection - the target size deﬁnes the resolu-
tion (Figure 2). In case of droplet target with vertex spread
σ = 0.05mm theachievableresolutionis muchbetter(upto
0.015◦) and there is a dependence from strip pitch. For the
tracking section the angular resolution depends very cru-
cially on the thickness of the ﬁrst DSSD layers and particle
energy because of the multiple Coulomb scattering. De-
tailed investigation demands use of external event genera-
tors for the reactions of interest.
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Figure2: AngularresolutioninregionsA andB asfunction
of silicon strip width for expected vertex spread.
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A large target-recoil detector will be constructed for the 
future EXL-experiments (EXotic nuclei studied in Light-
ion induced reactions) at the NESR storage ring of the 
future FAIR project at GSI-Darmstadt [1]. As a part of the 
recoil detector, position-sensitive Si(Li) transmission 
detectors (5 to 9 mm thick) are intended for construction 
of 'E-E charged-particle telescopes. Si(Li) detectors of 
transmission type has been an important aspect concerning 
the total-energy measurement for target recoils 
transversing the silicon 'E-E telescopes and stopped in 
inorganic scintillators placed behind the telescopes. 
Two ~6.5 mm thick Si(Li) transmission detectors equipped 
with 8 pads on the implanted p+-contact have been 
prepared for the test measurements at ESR (GSI-
Darmstadt). To relieve the efforts for the first experiments 
a telescope configuration and position-sensitive structure 
very similar to that of the MUST2 experiment (SACLAY, 
ORSAY and GANIL) have been applied [2], but with 
UHV-capable components. 
The schematic view of the Si(Li) transmission detector is 
presented in Fig.  1. The Si(Li) detector in the UHV-
compatible housing is shown in Fig. 2. 
Figure  1: Schematic view of the Si(Li) transmission 
detector.
The results of the test measurements in the laboratory 
confirm that the predetermined specifications, listed in 
Table 1, have been fulfilled.  
Some of these results were presented at IEEE Nucl. Sci. 
Symp., San Diego, Nov. 2006. Test measurements in UHV 
environment will be performed inside the ESR-ring at 
GSI-Darmstadt. 
Figure  2: The Si(Li) detector in the UHV-compatible 
housing. 
Table  1: Predetermined specifications of the Si(Li) 
detectors. 
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The low-energy physics program with antiprotons and 
highly charged ions proposed to be carried out at the 
FLAIR facility requests new developments for both the 
beam deceleration and cooling and new, complex experi-
mental setups. The deceleration concept, as presented in 
the Baseline Technical Report [1] foresees a three-step 
beam manipulation: the first deceleration in the NESR, 
one intermediate deceleration step from the lower NESR 
energy of  30 MeV to 300 keV and the final deceleration 
which will provide beams of antiprotons with energies of 
20 keV and below. The last two steps will be performed 
by the Low-energy Storage Ring (LSR) and two addi-
tional installations, the Ultra-low Energy Storage Ring 
(USR) [2] and/or HITRAP [3].  
The recent activities within the FLAIR collaboration 
mainly focussed on preliminary experimental and theo-
retical investigations of the feasibility of the deceleration 
concept. 
The Low-energy Storage Ring 
Tests with deceleration of protons have been performed 
at CRYRING in order to verify that the present machine 
configuration is adequate for antiproton deceleration at 
FLAIR [4]. More specifically, the aim of the tests was to 
show that CRYRING can decelerate a sufficiently large 
number of particles, through the full energy range from 
30 MeV to 300 keV, with acceptable particle losses.  
CRYRING has already been used for deceleration in a 
few cases where users have requested light ions at ener-
gies lower than the injection energy of 300 keV per nu-
cleon, as given by the RFQ. Since this injection energy is 
fixed, tests of deceleration of protons from 30 MeV must 
be made by first accelerating the particles from 300 keV 
to 30 MeV. This does not imply, however, that decelera-
tion can be performed just by reversing the magnet and rf 
ramps used for acceleration. Remanence and hysteresis 
effects in the magnets make the deceleration process de-
pendent on the acceleration. 
Fig. 1 shows an example of beam current and corre-
sponding particle number during an acceleration–
deceleration cycle. The beam current was measured using 
a DC current transformer. To get a sufficiently good read-
ing of the current, many injection pulses were accumu-
lated at 300 keV. Protons were injected in batches every 
0.5 s while the electron cooling was on, moving the parti-
cles away from the injection orbit and continuously in-
creasing the beam current and the phase-space density of 
the beam. The resulting stepwise increase of the particle 
number can be hinted in the figure. Acceleration starts at 
time zero when the current has reached 4.9 μA, corre-
sponding to 2.1×10
8 stored particles. 
 
Figure 1: Particle number (upper curve) and proton beam 
current (lower curve) as function of time during accelera-
tion and deceleration. The curves are averages from many 
machine cycles. 
 
The beam was accelerated first from 300 keV to 3 
MeV, and at that energy it was cooled again during 1.5 s 
while staying bunched before it was accelerated up to 30 
MeV. The intermediate cooling was necessary in order to 
minimize the losses during the deceleration. During ac-
celeration, the current increases with the beam velocity, 
whereas the particle number should stay constant if there 
are no losses. It is seen from the figure that there was a 
small loss of particles at the start of the acceleration, but 
that the rest of the acceleration and the cooling were made 
without losses. 
The beam was stored for 0.5 s at 30 MeV, still bunched, 
and then decelerated back to 300 keV in 1.8 s without 
further cooling. At 6.1 s, the beam was dumped, and a 
new cycle started. A very small loss occurred at the start 
of the deceleration, and somewhat more particles were 
lost when the deceleration ramp met the flat bottom level. 
The result was that 1.8×10
8 protons remained when the 
beam was back at 300 keV. For FLAIR it is the efficiency 
in deceleration from 30 MeV to 300 keV that is important, 
and it is thus shown that this deceleration can be made 
with at least 90% efficiency given the beam properties at 
30 MeV of this experiment. 
With a higher injected current, the number of deceler-
ated particles increased, although the losses also became 
larger. During the short time available for optimization of 
FAIR-EXPERIMENTS-32
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reach up to 2.8×10
8 protons decelerated to 300 keV. 
According to the present planning for FAIR, the end of 
the commissioning period and the start of operations at 
FLAIR is defined to occur when 1×10
8 antiprotons have 
been decelerated to 300 keV. This limit was exceeded by 
almost a factor three in these tests. 
The Ultra-low energy Storage Ring 
The USR is a new development and will be the first en-
ergy-variable electrostatic cooler synchrotron installed 
within a large accelerator facility. It will decelerate the 
antiprotons and exotic ions to lowest energies of 20 
keV/q, which will allow e.g. for direct injection into traps. 
It is also intended to enable in-ring experiments with 
event rates of at least six orders of magnitude higher than 
in single pass setups and should, last but not least, open 
the way for nuclear physics studies with slow extracted, 
quasi-DC antiproton beams. 
Ring Layout 
The symmetric, four-sided machine consists of three 
cylinder deflectors (two times 10° and one 70° deflector) 
in the corner sections and quadrupole doublets that are 
used for transverse modulation of the beam. As can be 
seen in Fig. 2, the experimental sections and the inte-
grated electron cooler mainly determine the overall size 
of roughly 8m x 8m of the storage ring. Single-turn injec-
tion of the beam will be realized by a pulsed deflector. 
Both slow and fast extraction will be available over the 
complete energy range. An rf operated drift tube with 
voltages  below 100 V is used in combination with an 
electron cooler to shape short  bunches along the longitu-
dinal direction for in-ring experiments. Details about the 
USR lattice, its optical elements and the envisaged ex-
periments are given in [4]. The main parameters of the 
storage ring are listed in Table 1. 
 
 
Figure 2: Preliminary layout of the ultra-low energy stor-
age ring. The positron ring is a possible future extension 
that would allow for in-flight antihydrogen creation. 
 
Table 1: Main parameters of the USR. 
General Parameters   
Energy range  20 keV – 300 keV 
Circumference 34.7  m 
Base pressure  < 5
.10
-13 mbar 
Operating Temperature  4 K 
Machine Parameters   
space charge limit (20 
keV) 
2
.10
7 
Qx  2.38 
Qy  1.14 
10° deflectors   
Height 240  mm 
Radii  1940 mm and 2060 mm 
Voltage |U|  < 20 kV 
70° deflectors   
Height 160  mm 
Radii  970 mm and 1030 mm 
Voltage |U|  < 20 kV 
Quadrupoles   
Length 200  mm 
Distance between lenses  150 mm 
Aperture Radius   50 mm 
Voltage  +/- 6 kV 
Steerer Length  100 mm 
Steerer Plate Distance  120 mm 
Electron Cooling at 20 keV 
In the limit of such small beam energies, the realization 
of efficient electron cooling, employing electron energies 
of only few eVs (or maybe even fractions of an eV) is a 
new challenge. It is currently taken up in the Cryogenic 
Storage Ring (CSR) project at the MPI-K [5] and the ex-
perience gained there will be available to the USR. In 
particular, cryogenic GaAs photocathodes have already 
been shown to provide initial electron temperature of ~10 
meV at the electron source, much lower than the 100 meV 
for thermoemission cathodes. This was demonstrated by 
the operation of a cold electron beam target from GaAs 
photocathodes at the TSR (MPI-K) [6, 7]. 
Cooling times in the USR were estimated using the 
BETACOOL code [8,9]. The resulting equilibrium mo-
mentum distribution and transverse emittances as a func-
tion of cooling time are shown in Fig. 3 
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Figure 3: Evolution of the momentum spread (upper 
curve) and.of the horizontal (continuous line) and vertical 
(dashed line) emittance during the cooling process [9]. 
Other activities 
Conceived as a multi-user facility, FLAIR will be a 
combination between the decelerators and a large number 
of different small experiments using ion and antiproton 
beams. Therefore, an important issue of the facility is the 
integration in the FAIR frame of the different FLAIR in-
stallations, part of which exist already today (at CERN, 
Stockholm, and GSI) and the ones which will be devel-
oped in the next future. A workshop dedicated to LSR was 
organized in March 2006 at GSI where aspects related to 
the adaptation of the CRYRING to the new task for 
FLAIR have been discussed by the expert groups from 
MSL Stockholm and GSI.  
The progress of the HITRAP construction [3] prompted 
the discussion about the status of the new experimental 
setups which are planned to be used for the upcoming 
studies with highly charged ions and, later, also with anti-
protons at FLAIR. Detailed planning of the new experi-
ments were discussed and presented by the working 
groups at the HICAPE1 Workshop organized in Novem-
ber at GSI [9]. Starting with 2008,the present GSI facility 
offers the opportunity for tests, commissioning and pro-
duction runs for a part of the experiments which will be 
installed at FLAIR. 
These experiments require cw and pulsed beams, in a 
broad range of energies and intensities. A parallel opera-
tion of the experiments, which will assure a high duty 
cycle of the installation, implies a high degree of com-
plexity of the beam sharing. This should be reflected also 
in the design of the facility building. The layout presented 
in Fig. 3 is the result of a careful planning under the as-
pects of functionality, safety and cost optimisation. The 
building includes the experimental caves, the laboratories, 
the electronics and control rooms spread over two levels. 
Two collaboration meetings, held in Mai and December 
2006, were devoted mainly to administrative and 
.financial issues of the collaboration. 
 
 
 
Figure 4: 3D-view of the FLAIR building: the ground 
level (top) and the upper level (bottom). 
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The combination of intense energetic ion beams and
a high-energy high-power laser at GSI and FAIR offers
unique possibilities to investigate material at high energy
densities. The ”WDM” (Warm Dense Matter) collabora-
tion proposes to study radiation properties of ion beam
heated matter by means of the Thomsonscattering [1]. The
PHELIX laser will be used to produce X-rays of several
keV energies. The choice of the materials for ion beam tar-
gets is therefore restricted to low-Z materials by the envis-
aged scattering diagnostics. A special target conﬁguration,
the dynamic conﬁnement scheme, was proposed by the au-
thors to produced homogeneous samples of WDM heated
isochorically with the SIS-18 ion beam. In dynamically
conﬁned targets the conditions of the isochoric heating are
providedby employinga thin low-Ztamperheatedwith the
wingsof theion beam. The use ofa low-Z tampermake the
suggested targets accessible for the diagnostic X-rays. An
extension of this work to spherical geometry beneﬁcial for
thescatteringdiagnosticsisreportedin[2]. Usingenergetic
ion beams one can prepare not only isocorically heated
samples of WDM, but also compress extended volumes of
heated matter. The spherical target geometry can be opti-
mized to achieve compression of the core target material.
To show the capabilities of SIS-18 to compress matter in a
way suitable for the X-rayscattering, we considereda solid
hydrogen core surrounded by a carbon shell with a density
of 2.25g/cm3. The ion beam consists of 1011 ions of U28+
with 200MeV/u focused down to 1mm spot (FWHM).
A parabolic temporal proﬁle of 100ns length is assumed.
The initial radius of hydrogen is r0 = 350μm, the tamper
has a thickness of 150μm. Figure 1 shows the distributions
of the normalized density of the core ρ/ρ0 in length-radius
plane for t =5 0 ,80 and 100ns; ρ0 is the initial density
of hydrogen. During the heating time the pressure in the
carbon shell exceeds the pressure in the hydrogen core and
the H/C interface moves inwards. This pressure gradient
launches a weak shock propagating towards the center of
the core (t =5 0ns). Later, at t =8 0ns the reﬂected shock
moves back. It arrives at the H/C interface before the end
of the ion beam pulse, so that at t = 100ns the compressed
core is very homogeneous as it can be seen at Fig. 2. The
hydrogen is compressed by about a factor of 2 and has ac-
cording to the calculations an almost uniform temperature
of0.6eV.Theexpandedlow-ZtamperallowsX-rayscatter-
ingdiagnostics. Theproposedcompressionschemeutilizes
a Gaussian ion beam proﬁle without special beam shaping.
In comparison to cylindrical targets, spherical targets can
be used at lower ion energies.
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Figure 1: Distribution of the normalized density in length-
radius plane for t =5 0 , 80, and 100ns. Direction of the
ion beam is the z-axis.
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Biological experiments at the BIOMAT cave will 
have important applications in space radiation protection. 
In fact, it has been long acknowledged that more biologi-
cal experiments using high-energy heavy ions are neces-
sary to predict radiation risk in space and to develop ef-
fective countermeasure to allow safe colonization of the 
Solar System. In USA, NASA funded and built the NASA 
Space Radiation Laboratory (NSRL), which is currently 
supporting biological experiments performed at the 
Brookhaven National Laboratory (Long Island, NY). The 
European Space Agency (ESA) has recently established 
an ambitious exploration program (AURORA), and 
within this program (Figure 1) it has been decided to in-
clude a space radiation research program. Europe has a 
long tradition in radiobiology research at accelerators, 
generally focussing on charged-particle cancer therapy. 
This expertise can be adapted to address the issue of 
space radiation risk. To support research in this field in 
Europe, ESA issued a call for tender in 2005 for a pre-
liminary study of Investigations into Biological Effects of 
space Radiation (IBER). The study has been completed in 
December 2006 with recommendations for facilities to be 
targeted for cooperation by ESA, and a detailed experi-
mental campaign. The IBER team has strongly recom-
mended GSI as the main facility to develop a European 
space radiation health research project. In fact, GSI has 
been for years the leading European facility for studying 
biological effects of heavy ions and for testing of space 
instruments. For example, for the ALTEA project (Figure 
2) detectors have been calibrated on ground at the GSI 
facilities [1], and additional information on ion-induced 
light flashes has been obtained from animal studies with 
mice [2].    
Since the ESA research program is expected to start 
in 2008, SIS-18 will be the main facility in the 1
st phase. 
FAIR is expected to become the main ESA program facil-
ity in the 2
nd phase (starting 2012), and will be in princi-
ple superior to any other ground-based space radiation 
simulator, including NSRL. Considering the importance 
of this facility for future manned space programs, IBER 
has recommended ESA to become an observer of FAIR. 
(The IBER webpage is: http://iber.na.infn.it) 
 
 
 
 
Figure 1: The ESA exploration program AURORA in 
an artist’s view. AURORA fosters European participation 
in the exploration and colonization of the moon and Mars 
 
 
 
Figure 2: An astronaut installing the ALTEA facility 
on the International Space Station ISS in July 2006. AL-
TEA is a sophisticated detector used to investigate light 
flashes in astronauts produced by charged-particle tra-
versals of the retina or brain. The detector has been cali-
brated on ground at GSI accelerators.  
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A novel system consisting of RF quadrupole and time-
of-flight sections is proposed, in which ions can be 
cooled, bunched, mass separated with a resolution 
sufficient to select single isobars, and guided to different 
experimental setups. It also enables multiplexed operation 
of several connected experiments. Such a system could be 
employed advantageously at the LEB of the Super-FRS at 
FAIR. The schematic figure of the proposed system is 
shown in Fig. 1. Novel elements are described below. 
RFQ Ion Beam Distribution System 
RF quadrupoles (RFQs) allow for an efficient ion 
transport at significant residual gas pressure (< 0.1 mbar) 
and at low kinetic energy (~ 1 eV) and are thus ideally 
suited for applications in the vicinity of gas-filled 
stopping cells. Ion injection (e.g. for introduction of 
calibrants for mass spectrometry) and ion distribution to 
different directions (e.g. to different experiments or for 
diagnostics) can be realized [1]. As a proof of principle, 
an RFQ system consisting of straight and curved RFQs, 
which guide ions to three different directions, has been 
built and characterized. A transfer efficiency of 80% to 
95% independent of the beam direction has been 
measured (Fig. 2). 
Multiplexer RFQ System 
For multiplexed operation of several experiments, 
mass-selective transfer from an RF trap can be used. 
While all incoming ions are accumulated and stored in the 
trap, ions with a selected mass number can be transmitted 
to an experiment, retaining all other ions in the RF trap. 
During successive cycles, different nuclides can be 
transferred, enabling multiplexed (different ion species 
measured at different experiments) or interleaved 
(different ion species measured alternatingly at one 
experiment) operation of the facility. Thus the efficiency 
can be increased by making use of several nuclides rather 
than just of one. 
Isobar Separator 
Isobar separation is performed in two stages, which 
consist of a low resolution RFQ mass filter and a high-
resolution multiple-reflection time-of-flight mass 
spectrometer (MR-TOF-MS) with a cycle time on the 
order of 1 ms. A test version of such a MR-TOF-MS has 
been developed for this purpose [2]. 
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Figure 2: Transmission efficiency of the RFQ ion beam 
distribution system as a function of the pressure. The 
current measured on a Faraday cup behind the exit 
diaphragm and the current measured on the exit 
diaphragm is given relative to the current going into the 
system. The sum of both values is also shown.  
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Figure 1: Schematic figure of the proposed system. Ions, which have been slowed-down and thermalized in a gas-filled
stopping cell, are extracted and guided to different directions (e.g. for diagnosis or to different experiments), and
reference ions are introduced by curved RFQs (A). Ion cooling and mass number selection occurs in a cooler RFQ and
an RFQ mass filter. In an RFQ multiplexer system, different ion species are provided at selected times (B). A time-of-
flight mass spectrometer serves for isobar separation and for direct mass measurements of very short-lived nuclei (C). In
an accumulation trap, the ions are bunched, and after reacceleration made available to experiments further downstream.
___________________________________________ 
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The FRS Ion Catcher [1] was tested successfully in an 
online experiment. Its primary goal was to test the 
efficiently stopping process of exotic nuclei in a helium-
filled gas cell and to provide different experimental setups 
with this cooled low-energy beam.  
 
Figure 1: Schematic view of the experimental setup. 
Figure 1 shows the final setup used in the beamtime. 
Exotic nuclei were produced by projectile fragmentation 
of 
58Ni primary beam in an Al target. Fragments with 
N=Z were separated with the FRS and energy-focused [2] 
with the wedge-shaped degrader at its exit. The various 
N=Z-fragments have different ranges. Due to the energy 
focusing, the range differences exceed the range 
straggling. This imposes an additional separation and 
thus, varying the degrader thickness allows to stop 
isotopically pure beam in the gas cell. This gas cell, 
developed at ANL [3], is the key component of the 
experimental setup. Equipped with different DC –and RF 
fields and a pressure of 100mbar helium gas inside, it 
guides and extracts the stopped ions to the distribution 
system [4]. This system allows to distribute the ion beam 
most efficiently to different detectors. While the 
experiment a silicon detector and a time of flight detector 
were used to diagnose the exotic ion beam.  
As described, the experimental run was successful. For 
instance the half –life of the of the ground state 
54Co was 
measured with 198±4ms and shows the potency of this 
system. 
To investigate the time-scale of the extracted ions, the 
SIS was run in a fast extraction mode. This allows to get 
information about the time that the ions need to be 
extracted after being stopped in the gas cell. Triggered 
with the extracting-puls from the SIS, mass-spectras were 
taken behind the stopping device with the Orthogonal-
time-of-flight mass-spectrometer (Ortho TOF-MS) [5]. 
An analyse of this data represents the complete mass over 
averaged time scale, as shown in figure 2. Two different 
extracting DC-field strengh were applied to the helium-
filled gas cell. As a result of the time scale measurement, 
the extraction time for atomic ions can be given with 
approximately 50ms. 
 
Figure 2: Extracting time of the Ion-Catcher device for 
two different extracting DC-field strengh supplied to the 
helium-filled gas cell. 
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Abstract: Gas beam profile detectors for slow and 
fast-extracted ion beams have been developed for the 
Super-FRS, and tested at the FRS with heavy ion 
beams at relativistic energies and intensities ranging 
from a few kHz up to a few MHz.  
Introduction 
Within the task NUSTAR 3 of the FP6 EU Design 
Study, beam profile detectors (BPD) for fast-extracted ion 
beams have been proposed and designed by the Bratislava 
group for future experiments at the Super-FRS [1]. 
For beams with a spill length as short as 50 ns a single 
ion tracking is not achievable anymore but only meas-
urements of the bunch profile can be performed. This 
problem arises from the large amount of charge (up to 
several nC) which is deposited in the detector. The use of 
a gas detector leads to a long integration time which is 
needed for charge collection (≈μs). This causes a spread-
ing of the charge and thus strongly affects the measure-
ment of the beam profile. For this reason the use of fast 
electronics and lower gas pressure (around 1 mbar) has 
been proposed. 
 
 
 
 
 
 
 
 
 
 
Figure 1:  The BPD protoype mounted at the FRS (S2). 
Another challenging feature of the BPD is related to the 
dynamic range of the ions to be detected which requires 
the use of a dedicated electronics. 
Prototype design 
The BPD prototype (see Fig. 1) is conceptually devel-
oped as a gas proportional wire chamber. The detector 
volume is filled with a gas of Ar+10%CO2. The active 
area is 100 x 100 mm
2 and contains 3 x 50 wires. The 
detector is equipped with 2 integrated delay lines directly 
connected to the cathode wires for x and y position meas-
urements simultaneously. Variable gas pressure conditions 
are obtained by using a gas pressure control system [2]. 
Adjustable preamplifiers have been constructed with a 
gain factor of 2V/pC. This allows to use the BPD as in-
beam detectors for experiments using slow-extraction 
beams, similar to the time projection chamber (TPC) de-
tectors [3]. In this case the detector is working as posi-
tion-sensitive detector recording single ions.  
Prototype test 
A first beam test of the BPD prototype has been per-
formed in November 2006. The detector has been tested 
at the second focus station of the FRS (S2) with a slow-
extracted 
136Xe beam at 470 MeV/u. The detector re-
sponse has been investigated at a gas pressure of 500–900 
mbar increasing the beam intensity gradually up to 3 
MHz. New electronics with fast shaping signals (adjust-
able preamplifiers, zero crossers, etc.) have been tested. 
For the digitalization a standard electronics, based on 
VME TDC and ADC, was used. For fast-extracted beams, 
the use of faster digitalization was foreseen, by setting a 
FADC SIS3301. The trigger was given by the time signal 
provided by a plastic scintillator behind the BPD. 
Detector calibrations were performed with the use of 
scintillating fibers (red by PMT) forming a grid by 3x3 (6 
mm apart) in front of the detector window. One of the 
results of calibration in y direction is shown in Fig. 2a.   
In Fig. 2b the beam profile of 
136Xe ions in y direction 
at 1 MHz intensity is shown.  
  
 
 
 
 
 
 
 
Figure 2:  a) Calibration and b) beam profile in y direc-
tion.  
Outlook 
In view of the larger intensity beam foreseen for the 
FAIR facility further tests at higher intensity of slow and 
fast extracted beams in larger chambers with faster elec-
tronics will be prepared.  
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Project Status 
 
One major milestone for the FAIR Project was 
achieved in finalising the Baseline Technical Report 
(FBTR) in spring 2006. This document [1] was handed 
over to the International Steering Committee (ISC) and 
defines the basic layout as well as the fundamental system 
parameters of the FAIR accelerators and experiments. 
Approving this document, the international partners 
agreed on "the project" within the financial ceiling scruti-
nized by the cost review groups which gave their final 
reports in the period under report.  
However, strong focus of the ongoing work is laid on 
further detailing of the technical work packages. Those 
specifications will serve as basis for the negotiations with 
the international partners of FAIR to take on specific 
work packages. To assist and counsel in this process the 
In-Kind Advisory Board (IKAB) was initiated in 2006. 
To attract industrial partners the preparation of an Interna-
tional FAIR Industry Forum started in 2006.   
Topology Refinements 
 
Topology revisions and adjustments were mainly driven 
by the finalisation of the lattice design of both the syn-
chrotrons and the storage rings, modifications of the Su-
per-FRS, and the demand to shift the HESR southwards. 
This movement by 30 m allows for a later upgrade of the 
HESR to accommodate experiments with polarised anti-
protons. Compared to the situation presented in the FBTR 
in early 2006 the topology remains primarily the same as 
shown in Figure 1.  
This layout together with a first iteration of the load list 
for media demands within the different buildings provides 
a stable basis for further detailing of the civil construction 
planning.  
Distinguished Technical Developments 
Within this annual report all major developments pres-
ently under way of FAIR accelerators are covered. This 
report will flashlight on the main technological advance-
ments. 
SIS100 and SIS300  Dipole Magnets  
The outcome of the R&D work for the straight SIS100 
dipole magnets showed that the required parameters can-
not be reached safely. Thus a reduction of the aperture 
and the maximum field strength was decided. The new 
bent magnet design was specified within 2006. One proto-
type magnet each - bend and straight design - was ordered 
at Babcock Noell Nuclear GmbH and the BINP.  
 
Figure 1: Topology of the FAIR facility as of Dec. 2006 
compared to the one presented it the FBTR. 
At the same time the R&D for the SIS300 dipole magnets 
focuses on bent magnets with the reduced maximum flux 
density of 4.5 T instead of 6 T. The development is borne 
by INFN. The investment cost are shared by INFN and 
GSI (3.7 M€ and 1 M€), whereas the workload of approx. 
40 person years are covered by INFN.  
Frequency Chance for the Proton Linac 
It was further decided to adjust the rf-frequency of the p-
linac from 352 MHz to 325 MHz. The call for tender for 
the klystron was issued at the end of 2006. Various argu-
ments led to the change resulting in considerable cost 
cuttings not only for the proton linacs rf-system but also 
for the civil construction costs due to reduced space re-
quirements. As a consequence the proton RFQ and the 
DTL section had to be re-designed.  
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SIS100  
Lattice Structure and Main Magnets 
The SIS100 lattice structure is described in the FBTR. 
However, basic properties of the main dipole- and quad-
rupole magnets have been optimized. Due to the large 
apertures required in both types of magnets, the AC 
losses, which were substantially reduced by the magnet 
R&D program, exceeded significantly the original goal 
values. In addition, the quench protection system became 
more and more demanding due to the higher stored en-
ergy. In both magnets, field strength requirements were 
finally at the tolerable limits, with undesirable conse-
quences for the field quality. Therefore it was decided to 
reduce the apertures and the maximum field strength. The 
development of the main dipole magnet, which was origi-
nally assumed to be straight, is focussed on a bent magnet 
allowing a reduction of aperture and field strength. Due to 
the bending, the length of the dipole can be increased 
without affecting the beam acceptance. The length of the 
quadruple was also increased and consequently the 
maximum gradient reduced.  
Finally, beside the activities in the frame of the EU FP6 
design studies, two full scale model dipoles have been 
initiated. 
System Design 
The technical planning of the six sections and the lattice 
cells was further detailed. The distribution and position-
ing of all accelerator components has been finished, al-
lowing us to enter into the planning of the technical infra-
structure. The planning of the supply buildings has been 
continued, with updates of the floor space requirements 
and drawings of the distribution of the supply units in the 
individual building levels. 
Technical Systems 
A technical design study has been completed in collabora-
tion with BINP for a ferrite loaded acceleration cavity. 
The collaboration has been continued with an engineering 
study with the goal to prepare start of a prototype produc-
tion within 2007. According to the ion optical layout the 
injection- and extraction devices have been specified and 
design studies were started for the bipolar kicker magnets. 
In parallel, experimental investigations were conducted 
with pulse forming networks in collaboration with the 
Technical University of Darmstadt. HV pseudo spark 
switches as replacement for thyratron switches are under 
development in cooperation with the University of Erlan-
gen. The hardware, firmware and software for the digital 
control of dynamic high precision power converters has 
been developed and is in practical use in the power con-
verters of the therapy accelerator of HICAT in Heidel-
berg. Because of the high requirements for the quench 
protection of SIS 100 dipole magnets an electronic DC 
circuit breaker has been developed. A prototype DC cir-
cuit breaker is under construction in TU-Darmstadt.  
SIS300 
Lattice Structure and Main Magnets 
The required length of the six straight sections in SIS100, 
especially needed for Rf devices, defines (at a given cir-
cumference) the remaining length of the arcs. Since 
SIS100 and SIS300 are situated in the same tunnel on top 
of each other, this ratio between arc and straight section 
length is also valid for SIS300. However, the required slot 
length of s.c. cosΘ magnets for a given effective field 
length is much bigger than the one of super ferric mag-
nets. Therefore, the arc length, indirectly defined by 
SIS100, provides not sufficient space for the originally 
foreseen doublet focusing structure. In order to save space 
in each lattice cell the doublet structure has been replaced 
by a FODO structure [1]. A further difficulty could be 
solved which was caused by the lateral displacement of 
the straight sections of both rings. The missing dipole 
lattice concept was applied for SIS300 as well, leading to 
an almost perfect matching of both ring geometries. By 
removing the displacement of the straights we could re-
solve the collision of the vertically extracted SIS100 
beam with the SIS300 cryostat.  Furthermore, as in 
SIS100 it was decided to continue the dipole R&D with 
bent dipoles with lower maximum flux density of 4.5 T 
instead of 6 T and preferably a single layer coil. First de-
sign studies on a bent SIS300 dipole magnet have been 
performed by INFN [2] and BNG. However, the introduc-
tion of the missing dipole lattice requires an additional 
short magnet design for the ends of the arcs. A MoU for 
the development and production of such a short SIS300 
prototype dipole magnet has been signed by INFN and 
GSI. 
Technical Systems 
A first conceptual design study has been completed for 
the s.c. high field extraction septum of SIS300 in collabo-
ration with the BINP. The design study showed the feasi-
bility of such a 3.5 T septum magnet. The 2D layout 
could be integrated as a 3D CATIA model into the draw-
ings of the extraction and emergency dumping system. 
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The conceptual design and the ion optical layout of the 
FAIR High Energy Beam Transport System were summa-
rized in detail in the FAIR Baseline Technical Report 
(FBTR). However, the status of the project required con-
tinued revisions and follow up activities. Adoptions in the 
lattice design of the FAIR synchrotrons, storage rings and 
their extraction and injection systems and modifications 
of the Super-FRS had to be comprised. The layout of the 
connecting beam line between FAIR and the existing fa-
cility has been reoptimized and the extraction magnet 
which provides the link was selected. Furthermore, in 
order to allow a later extension, the HESR was moved 
slightly towards the south. With respect to the level con-
cept it was considered to shift all ground level installa-
tions except the HESR down by 1 m to save building 
costs. To realize this option two additional vertical transi-
tions (in the beam line from SIS18 to SIS100 and from 
SIS18 to PP2perp) were added. Table 1 summarizes all 
modifications in the HEBT system since publishing of the 
FBTR. 
 
Figure 1: Modified FAIR HEBT system. 
Ring/beam line section  Adoptions compared to FBTR 
HESR  HESR was shifted 30 m towards the south. Injection angle and position changed 
along the straight section.  Upgrade option increases length of HESR straight 
sections by 60 m. 
CR  Increase in size and injection angle. 
RESR  Increase in width by 1.5 m due to larger CR. Extraction to NESR further south. 
from to   
NESR  FLAIR  Additional angle of approx. 6° included in the beam line to resolve spacial con-
flict between the FLAIR cave and the Super-FRS low energy cave. 
RESR  HESR  New layout. Unfavourable geometrical constraints from HESR upgrade option. 
RESR  NESR  New layout according to new extraction point. 
PBAR-Target CR  New  layout. 
Super-FRS    Symmetric pre-separator with 66° angle. New layout of the low energy branch. 
SFRS CR  New  layout. 
SFRS  NESR  Less space for matching at the NESR injection system due to 1.5 m larger lateral 
distance between NESR and RESR.  
SIS18 Extr.    Present SIS18 extraction system is used. Deflection towards FAIR will be real-
ized by the TS1MU1 dipole, which must be operated as a bipolar magnet. 
SIS18  HESR  New layout according to completely changed boundary conditions. 
SIS18  NESR  Beam line bypassing the antiproton target guided through the tunnel of the end of 
the Super-FRS ring branch. 
SIS18 PP2perp  New  layout. 
SIS100 HEAP,  PBAR, 
PP1, PP2 
Layout adapted to normal conducting magnets, leading to a displacements of the 
beam line and their end points. 
SIS100  Dump  New layout with horizontal bend. Uncompensated dispersion in both planes pre-
vents small beam size at the beam dump. 
SIS100  SFRS  New, long drift space behind extraction system to avoid conflict with SIS300. 
SIS300  Dump  New layout with horizontal bend. 
SIS300  CBM  Adapted to optimized SIS300 dipole parameters. 
SIS300  SFRS  Upper part of vertical transition matched to SIS100 to SFRS beam line. 
SIS100/300 
HESR 
SIS18
NESR 
CBM
FLAIR
PP 
   AP 
CR/ 
RESR 
Super- 
FRS 
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Abstract 
 The HESR is being designed to accelerate and to store 
antiprotons in the momentum range between 1.5 and 15 
GeV/c [1]. An important feature of this new facility is the 
combination of phase space cooled beams and dense in-
ternal targets, which results in demanding beam parame-
ter requirements to reach high luminosities and high mo-
mentum resolution. The status of beam dynamics studies 
and R&D design work is reported.  
 
Introduction 
The HESR is being realized by a consortium 
consisting of IKP at Forschungszentrum Jülich, TSL at 
Uppsala University, and GSI Darmstadt. It will be built to 
exploit the research areas of charmonium spectroscopy, 
hadronic structure, and quark-gluon dynamics [2]. An 
important feature of this new facility is the combination 
of phase-space cooled beams and dense internal targets, 
comprising challenging beam parameter in two operation 
modes: high-luminosity mode with beam intensities up to 
10
11, and high-resolution mode with a momentum spread 
down to 10
-5, respectively [1]. Powerful electron and 
stochastic cooling systems are necessary to meet the 
experimental requirements.  
The layout of the HESR is shown in Fig. 1, including 
key components. The HESR lattice is designed as a 
racetrack shaped ring, consisting of two 180° arc sections 
connected by two long straight sections. One straight 
section will mainly be occupied by the electron cooler. 
The other section will host the experimental installation 
with internal H2 pellet target, RF cavities, injection 
kickers and septa. For stochastic cooling pickup and 
kicker tanks are also located in the straight sections, 
opposite to each other. To improve longitudinal stochastic 
cooling a third pickup location in the arc is presently 
being investigated.   
Special requirements for the lattice are dispersion free 
straight sections and small betatron amplitudes in the 
range of a few meters at the internal interaction point. In 
addition the betatron amplitudes at the electron cooler are 
adjustable within a large range.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Electron  
Cooler 
 
 
 
 
 
 
 
 
Figure 1: Schematic view of the HESR layout. 
Equipment for the injection from SIS18 and RESR, RF 
cavities (RF1, RF2), the PANDA experiment, and the 
electron cooler is included. Positions of stochastic cooling 
devices (pickup: P1–P3, kicker: K1-K3) are also indi-
cated.  
Beam Dynamics Studies 
In cooler storage rings aiming for ultra-high beam 
quality like the HESR, the interplay of many processes 
determines the final equilibrium beam distribution. A by 
far more detailed understanding of collective phenomena 
in space-charged dominated cooled beams is needed than 
presently achieved to reach highest possible beam quality. 
Different software modules are being developed and im-
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during beam cooling.  
Beam stability studies have been carried out including 
beam equilibria with electron and stochastic cooling, 
intra-beam scattering, and beam-target interaction. 
Furthermore average luminosities have been estimated 
assuming realistic machine cycles.    
A steering concept for the HESR has been developed, 
utilizing the method of orbit response matrix. Orbit 
bumps at various positions in the ring have also been 
specified.  
A multipole correction scheme is presently being 
developed. Higher-order field expansions from field 
calculations of HESR magnets will be utilized together 
with other non-linear fields like the one generated by the 
beam of the electron cooler.  
The impedance budget of the ring is also studied. 
Especially the beam-position monitors, kickers, and 
cooling devices will have a major impact.  
In addition the effect of trapped ions accumulated in 
the electro-magnetic potential of the circulating 
antiproton beam and the electron beam of the electron 
cooler is investigated [3]. 
R&D Work 
Electron Cooler 
High priority is assigned to the high-energy electron 
cooler. The main issue is the reliable operation of high-
brilliance electron beams in a high-voltage environment 
up to 4.5 MV. An important part of the work will be to 
construct prototypes of several critical parts of the system. 
Other aspects of the electron cooling system, including 
the method to charge the high-voltage terminal, the 
problems to create the required quality of the magnetic 
field and the stability of the high voltage, the required 
ultra-high vacuum, the electron beam optics, and stability 
of the electron beam transport are being investigated. This 
work is led by TSL Uppsala.  
The design of the magnet system is nearing comple-
tion. Prototypes of several solenoids are being built. Fur-
thermore the electron gun has been designed and prepara-
tions for making the design of the collector are taking 
place. Tests relating to the precise regulation of the high-
voltage have been carried.   
Stochastic Cooling Devices 
Prototyping of critical components for the stochastic 
cooling system is under way. Especially new high-
sensitivity pickups with low-impedance requirements and 
higher bandwidth (2 to 4 GHz) are being developed. 
Hardware studies are taking place simultaneously to find 
the optimal solution for enhanced filter requirements.  
In addition results of improved theoretical models are 
benchmarked with experiments utilizing the existing sto-
chastic cooling system at COSY to ensure a proper design 
of the stochastic cooling system. 
Magnets 
With regard to maximum field strength, magnet 
aperture and ramping rate of the RHIC-type super-
conducting “cosθ”-magnets installed in the interaction 
regions fit the HESR requirements except for the magnet 
length. The maximum acceptable sagitta to get an 
acceptable large good field region restricts the magnetic 
length to roughly 1.8 m. Curved magnets will avoid this 
problem, but the coil arrangement is more complex. 
Studies of two different types of bent dipole magnets have 
been carried out: “cosθ” and double-helix design. 
Prototype work for dipole magnets will start soon. For 
quadrupole magnets a design study has been launched to 
determine a realistic assembly of dipole and quadrupole 
magnets and to decide whether a hybrid magnet with a 
sextupole coil on top of the quadrupole coil can be 
realized. 
RF Cavities 
Beam dynamics simulations indicate, that two different 
types of cavities are needed: one for bunch manipulation 
and acceleration/deceleration, and a second one for stor-
ing particles in a barrier bucket.  
The first cavity will be a symmetric, magnetic alloy 
loaded cavity, combined with a push-pull tube-amplifier 
for multi-harmonic signals from 10 to 3000 V. The mag-
netic alloy cores (FineMet
®) are on-site and will be in-
stalled as soon as the construction work is completed. The 
barrier bucket cavity has been designed and built as a 
single tank cavity. It will be driven by a transistor ampli-
fier which allows applying voltages between 1 and 100 V. 
The magnetic alloy cores (VitroPerm
®) are also at hand 
and are going to be implemented soon.  
Cryogenics 
To reduce static losses of the cryogenic system the 
number of cold-warm junctions is being minimized.  
Injection septa and kickers, dipole magnets for the 
PANDA orbit chicane, RF cavities, stochastic kicker 
tanks, and the electron cooler will be operated at room 
temperature. The PANDA solenoid will have its own cry-
ostat segment. All other devices will be operated at liquid 
Helium temperature.  
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Introduction 
The FAIR proton linac together with SIS18 and SIS100 
has to provide the primary proton beams for the produc-
tion of antiprotons [1]. It will deliver a 70 MeV beam of 
up to 70 mA to the SIS18 with a repetition rate of 4 Hz. 
The room temperature linac will be located north of the 
existing UNILAC complex. Its conceptual layout is 
shown in Fig. 1. 
 
Proton Source and LEBT 
At CEA/Saclay the SILHI (Source des Ions Légères a 
Hautes Intensitées) is operating since 1996 and its nomi-
nal beam parameters fit to the needs of the FAIR proton 
linac. In December  2005 beam emittances for various 
source and LEBT parameters were measured during a 
joint CEA/GSI/IAP campaign. Its evaluation in 2006 fol-
lowed by additional measurements on space charge com-
pensation in May 2006 revealed the high reliability of the 
set-up and confirmed experimentally the compliance of its 
beam properties to our requirements [2]. Accordingly, this 
set-up is a suitable option to be employed at the proton 
linac. 
 
Operating frequency 
Due to the availability of reliable 3.0 MW klystrons on 
the market at a frequency of 325 MHz, the layout of the 
RF-components of the linac was completely revised re-
sulting in a considerable cost saving of the project. The 
325 MHz rf-power sources provide about twice the peak 
power with respect to devices at the former frequency of 
352 MHz. The number of these devices could be reduced 
by 40% reducing also the space requirements and civil 
engineering cost. Additionally, this new frequency allows 
for using p-linac rf-components also within a possible up-
grade of the existing UNILAC Drift Tube Linac (DTL) 
section, as 325 MHz just corresponds to three times the 
Unilac operation frequency. As a consequence the proton 
RFQ and the DTL section had to be re-designed. The first 
klystron to be used at an rf-test stand has been tendered 
and will be delivered in early 2008. 
RFQ 
Although the preferred option for the RFQ was defined 
as a 4-rod type in 2006, an alternative 4-vane design at 
325 MHz was proposed by ITEP/Moscow. The new fre-
quency resulted in the desired reduction of both the elec-
tric surface field and of the longitudinal output emittance. 
The adoption of the 4-rod option should be straight for-
ward and it is planned for 2007. 
Drift Tube Linac (DTL) 
Since the available rf-input peak power per load has 
been doubled, the number of independent rf-loads com-
prising the DTL was lowered from 11 to 6. Now each load 
consists of a pair of coupled Cross-bar H-cavities (CH). 
At the Frankfurt University a single CH-cavity model has 
been built and tested successfully [3]. It will be followed 
by a coupled CH-cavity model in 2007 [4]. Additionally, 
the number of individual DTL quadrupole types was re-
duced leading to an overall cost reduction. Passive DTL 
beam diagnostic components will be designed in collabo-
ration with KVI, Groningen, Netherlands. 
Injection into SIS18 
The beam to be injected into the SIS18 must have a 
relative momentum spread of less then ±1⋅10
-3. Simula-
tions taking into account the effect of space charge forces 
revealed a significant growth of momentum spread during 
beam transport from the DTL exit to the SIS18. The trans-
port channel has been re-designed and the last re-buncher 
was moved from the DTL exit to the existing transfer 
channel UNILAC-SIS18.  
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Figure 1: Conceptual layout of the FAIR proton linac. 
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Abstract
The superconducting CH-structure is a novel multi-cell
cavity for the acceleration of protons and ions in the low
and intermediate energy regime [1]. A prototype cavity
(350 MHz, b=v/c=0.1) with 19 cells has been built and
tested several times with liquid helium at 4.5K. An effec-
tive accelerating gradient of 4.6 MV/m has been achieved
which corresponds to an effective voltage of 3.7 MV[2].
Analysis of ﬁeld emission
Presently the acceleration gradient is limited by ﬁeld
emision. Therefore a detailed analysis of the x-ray dis-
tribution has been performed with the goal to localize
existing ﬁeld emission centres. 30 TLD-cards (Thermo-
Luminescence-Dose-meter)have been used. Figure 1 (top)
shows the X-ray dose distribution along the cavity at dif-
ferent positions. Clearly one strong peak is visible which
is one order of magnitude larger than the dose at neigh-
bouringdetectorswhichareshiftedbyonecell length
￿
￿
￿
￿
and by 90 degree (Fig. 1, bottom). This measurement indi-
cates theexistenceof onlyonestrongemitter. In a nextstep
the cavity will be treated with a mild chemistry (Buffered
Chemical Polishing) and with high pressure rinsing which
is the standard method to remove ﬁeld emitters in super-
conducting cavities.
RF tuning
A tuning system for the superconducting CH-cavity is
presently under development. It will consist of a coarse
tuner with a tuning range of 600 kHz. The frequency will
be shifted by applying an external force to the end cells
which decreases the length of the ﬁr s ta n dt h el a s tg a p .T h e
maximum displacement is about 0.7 mm with a force of
5 KN. Additionally a fast system based on piezo-tuners
will be installed to compensate frequency variations due
to microphonics and Lorentz-Force-Detuning. The whole
system willl be tested in a horizontal cryostat (Fig. 2).
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Figure 1: Measured x-ray dose at different position along
the cavity (top) and positions of the x-ray dose-meter (bot-
tom).
Figure 2: Schematic drawing of the horizontal cryostat
with the position of the cavity and the tuning system.
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Abstract 
The availability of commercial 325 MHz, 2.5 MW kly-
strons initiated the development of linac resonators which 
fit to that power level source: this will lead to a significant 
overall linac cost reduction. This is achieved if individual 
cavity modules can be rf coupled efficiently. At IAP 
Frankfurt a coupling cell for CH – cavity modules was 
designed, which at the same time can house a transverse 
focusing lens as well as the rf power coupler for the 
whole unit. A half scale model of the coupled CH mod-
ules 3 and 4 of the FAIR proton injector is under con-
struction at IAP.  Design and fabrication of a full scale 
high power cavity is planned for in 2007.    
The Proposed Linac Design 
The beam dynamics calculations lead to a limited num-
ber of gaps per acceleration section which have to be fol-
lowed by a transversely focusing  quadrupole lens. 
Especially at the low energy end each acceleration sec-
tion would need quite modest rf power levels only, when 
realized as an individual cavity. By rf coupling up to two 
of these sections and by integrating the quadrupole lens 
within the central coupling cell it is possible to match all 
cavities to the available  amplifier power. Each 2.5 MW 
amplifier will drive one cavity via one rf power coupler in 
this approach.  
 
The coupled CH-cavity concept 
    The original design of the CH-cavity made use of 
large end half drift tubes to make the end cell resonant 
and, at the same time, to host the magnetic lens needed 
for beam focusing [1]. By putting together two CH-
cavities of that type and by replacing the inner end walls 
by a radial stem support for the big drift tube, one is ap-
proaching the coupled CH-cavity geometry as one can see 
from Fig.1 [2]. Taking the coupling tank diameter as well 
as the drift tube outer diameter as variables one finally 
gets the resonant coupling of both CH-cavities. The field 
distributions in the coupling cell were investigated by 
MWS field simulations and are shown in Fig. 2. The large 
coupling drift tube is capable to house a magnetic quad-
rupole triplet and/or diagnostics instrumentation as well 
as a cooled beam collimator. A robust radial stem is well 
suited for tube adjustment. Moreover, it allows comfort-
able access to feed all installations within the coupling 
tube. 
 
Cavity Model 
 In order to test this new coupling concept and to vali-
date the simulations performed with Microwave studio it 
was decided to build a half-scale model of the second 
resonator of the p-injector. This model consists in two 
tanks with 13 and 14 gaps respectively, coupled by a 151 
mm long intetank section which includes the focusing 
lens. The field distribution is plotted in Fig.3 
 
 
Fig.1: Sketch of a coupled cavity CH - linac 
 
 
Fig.2: Coupling section between CH cavities with elec-
tric and magnetic field distribution, respectively. 
 
Fig.3:Axial electric field disribution for resonator 2 of the 
GSI proton Injector 
 
The outer cylinder will be entirely in aluminum while all 
the stems and the lenses are made of massive brass.  After 
the fabrication end, foreseen for early spring 2007, an 
intensive RF  measurements campain will start to investi-
gate all the properties of innovative coupling concept    
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Production, cooling and accumulation of antiprotons is
a very important objective of the FAIR project. It is ex-
pected that the FAIR accelerator facility will provide a
strongly focused beam of 29 Gev protons with an intensity
of 2.8 × 1013 in a single bunch of 25 ns length. Prelimi-
nary design studies show that a total number of 1.5 × 108
antiprotonswill be producedwithin the phase space accep-
tance of the subsequent magnetic separator and the collec-
tor ring (CR). The production target will be irradiated with
the primary beam with a repetition rate of 0.2 Hz and tar-
get survivalin these experimentsis an extremely important
issue. In fact the same target has to be used over a period
of about 6 months.
To calculate the energy loss by protons and all the sec-
ondary particles, particle interaction and transport Monte
Carlo code, FLUKA [1] has been used which provides a
three dimensional energy deposition proﬁle along the pro-
ton trajectory in the production target. A cylindrical irid-
ium target with a length of 15 cm and a radius of 1 cm has
been used and the data obtained by the FLUKA code has
been coupled to a two-dimensional hydrodynamic code,
BIG2 [2], to study thermodynamic and hydrodynamic re-
sponse of the production target. Different phases of the
target material are treated in BIG2 by using an equation
of state (EOS) data generated by a semi-empirical model.
Since the energydepositionis a three-dimensionalproblem
whereas the BIG2 code is two-dimensional, we study the
target behavior along the cross section at a speciﬁc point
inside the target (point where maximum energy deposition
occurs which is at L = 2.1 cm along the beam direction).
The radius of the production target is considered to be 3
mm in these calculations.
We consider four different cases namely, Case I: N
=2 . 8 × 1013, FWHM = 0.5 mm, Case II: N =
2.0 × 1013,FWHM = 0.5 mm, Case III: N = 2.8 × 1013,
FWHM = 1.0 mm and Case IV: N = 2.0 × 1013,F W H M=
1.0 mm.
We have carried out numerical simulations for all the
above cases using the BIG-2. In Fig. 1 and Fig. 1, respec-
tively, we plot temperature and pressure at t = 25 ns vs
target radius at L = 2.1 cm.
It is seen from Fig. 1 that the target will survive only
with the beam parametersused in case IV because the tem-
perature remains below the melting point of iridium. How-
∗This work was supported by the BMBF and RFBR grant No: 06-02-
04011-NNIOa, Russia
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Figure 1: Temperature vs radius at L = 2.1 cm for different
cases of beam parameters.
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Figure 2: Pressure vs radius at L = 2.1 cm for different
cases of beam parameters.
ever, the induced pressure is about 16 GPa and it is im-
portant to study the effect of pressure waves on the target.
Moreover, during the 5 sec interval between two succes-
sive experimental shots, substantial heat conduction will
take place that will reduce the temperatureand the pressure
signiﬁcantly. To study these effects, one needs to include
heat conductionand elastic-plastic effects in the simulation
model. The BIG2 code is currently being upgraded to in-
clude these effects. In addition to that, a 3D code is being
equipped with the necessary physics to design a viable an-
tiproton target.
(please contact: n.tahir@gsi.de).
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        At the FAIR project 3 GeV antiprotons will be 
generated in collisions of 29 GeV protons with nucleons 
of an iridium target. Some parameters of the antiproton 
source are given in Table.1. The effective separation the 
protons and other secondary particles from the antiproton 
beam will be provided by an antiproton separator. The 
present magnet structure of the separator is shown in 
Fig.1. 
 
Table 1. Parameters of the antiproton source.  
Proton beam   
Kinetic energy  
Maximum number of protons per 
bunch 
Bunch length  
Transverse beam emittance h/v 
Cycle time  
29 GeV 
 
2×10
13 
25 ns 
3/1 mm mrad 
10 s 
Antiproton beam    
Kinetic energy  
Momentum spread  
Transverse emittance, h=v 
Yield per proton  
Maximum yield per cycle 
Maximum possible stacking rate 
in the CR/RESR complex  
3 GeV 
±3% 
200mm mrad 
5×10
-6 
1×10
8 
 
3.5×10
10 h
-1 
 
      The ion-optical characteristics of the separator should 
meet the requirements of the antiproton beam, the 
parameters of which are given in Table 1. The magnetic 
bending power is 13 Tm; the transverse acceptance is 240 
mm mrad; the momentum acceptance is 6 %. These 
parameters require magnets with large aperture, especially 
in the horizontal plane (up to 400 mm).  The ion optics of 
the antiproton separator has been calculated using CR-
type bending, quadrupole and sextupole magnets [1]. The 
quadrupole and sexupole magnets have normal 
conduction coils. For the CR-type bending magnet a 
superferric H-type magnet design with a large useful 
aperture is foreseen [1]. The same type is considered to be 
used for the separator.  
 
 
Fig.1. Layout of the antiproton separator. Abbreviations: 
Q1-10 – quadrupole magnets, B1-2 – dipole magnets, S1-
4 – sextupole magnets, MC1-4 movable collimators, 
SCR1-2 fluorescene screens, BMP1-2 beam position and 
intensity monitor.   
However, the radiation exposure of the superconducting 
coils might finally require normal conducting radiation-
hard coils.  
      The large momentum spread of the antiproton beam 
requires compensating the chromaticity by sextupole 
magnets (S1–S4) placed at locations, where the dispersion 
is not zero. To study the expected losses of antiprotons 
coming out the exit of the target, and which are 
transported to the CR, simulation of particle tracking 
through the separator has been performed. The initial 
antiproton distribution just after the production target and 
subsequent magnetic horn focusing was simulated with 
the MARS code (Fig.2a). 
 
 
Fig.2. Antiproton distributions at: a) the production target 
after collecting by a magnetic horn, ASA – Antiproton 
Separator Acceptance; b) the matching point of the CR, 
CRA – Collector Ring Acceptance.  
  
A similar antiproton distribution exists also in the vertical 
plane. In Fig.2a one can see also the phase ellipse, which 
corresponds to the separator acceptance at the target 
position. The ion optical parameters of this ellipse are εx 
=εy=240 mm mrad; βx≈βy ≈4 m; αx≈αy≈-1.2. 13% of the 
antiprotons cannot be accepted in the separator 
acceptance. In Fig2b we present the antiproton 
distribution and phase ellipse corresponding acceptance at 
the matching point to the CR ring. This result was 
obtained after a particle tracking through the second order 
magnet system of the separator taking into account   
chromatic effects of the quadrupole magnets. In this 
simulation a sextupole correction has been applied. We 
observe that about 20% of antiproton particles are still 
outside of the ring acceptance. The chromatic effect of the 
quadrupole magnets gives additional 7% of antiproton 
losses, which can not be avoided with the present layout 
of separator magnet system shown in fig.1. Further 
improvement of the ion optical properties of the separator 
is required with respect to reduction of the particle losses.          
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Introduction 
In spring 2006 an important milestone could be 
achieved by the completion and issuing of the Technical 
Report for the Super-FRS [1] within the FAIR Baseline 
Technical Report (FBTR [2]). Technical refinements led 
to major changes in the ion-optical lattice of the Low-
Energy Branch of the Super-FRS and to a rearrangement 
of the experimental setups using the Spectrometer and the 
Energy Buncher, respectively [3]. The conceptual designs 
and the prototype developments of various components 
for the Super-FRS are in progress,, i.e. the work has fo-
cused on high-power production targets, radiation resis-
tant magnets, superferric magnets, and beam diagnostics, 
including a beam time for testing the first  prototype beam 
detectors  [4].    
Layout of the Super-FRS 
The Super-FRS consists of two separator stages; the 
Pre-Separator and the Main-Separator serving three ex-
perimental branches i.e. the High-Energy Branch (HEB), 
the Low-Energy Branch (LEB), and the Ring Branch 
(RB).  Compared to previous designs [5] especially the 
layout of the LEB was modified considerably by turning 
the bending direction of the last dipole stage of this 
branch which leads to two major advantages:  
1.  Avoiding one intermediate image plane in front of 
this dipole stage and thus saving one quadrupole trip-
let.   
2.  An easier arrangement and access of the various ex-
periments at this branch, which has to be seen in the 
context of the whole FAIR topology. 
In addition the major experimental devices within this 
branch were rearranged, i.e. the energy buncher and the 
magnetic spectrometer, since the ion-optical function of 
both systems could be combined in one common mag-
netic stage [3]. The compromise led to a reduction of the 
maximum magnetic rigidity for the energy buncher from 
10 to 7 Tm which causes small transmission losses, but 
the overall changes will lead to a considerably cost reduc-
tion.  Figure 1 shows the present layout of the Super-FRS 
with its three branches including the energy buncher/ 
spectrometer at the exit of the Low-Energy Branch.   
 
 
Figure 1: Layout of the Super-FRS with its three exit 
branches, including the new layout for the spectrome-
ter/energy buncher behind the Low-Energy Branch [3]. 
High-Power Targets 
Similar to the present SIS18/FRS/ESR facility, both 
slow and fast extraction from SIS100/300 will be used: 
the former, with typical extraction times of a few seconds, 
for counter experiments at the experimental caves, the 
latter for experiments with radioactive secondary beams 
in the storage rings where beams with a typical pulse 
length of ~ 50 ns are required. The optimum target thick-
ness will range up to 8 g/cm
2 depending on the atomic 
number Z of the projectile and the selected energy. 
Targets for slow-extracted beams 
The development of a rotating graphite target wheel 
[2,5] was further advanced. It results in a conceptual de-
sign where several technical considerations are taken into 
account: 
•  The critical parameters (temperature, pressure/stress) 
of the chosen graphite grade must not be exceeded 
while irradiating the target material with heavy-ion 
beams. 
•  On the other hand, the operating temperature of the 
target material should be high to enhance the anneal-
ing of any possible radiation damage. Therefore, 
cooling is only foreseen by thermal radiation from 
the graphite surface. 
•  A maintenance concept must be developed that al-
lows safe maintenance also after activation of the tar-
get assembly during long periods of high-intensity 
irradiation.    
___________________________________________  
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Liquid-metal target development 
Since the highest intensity of fast-extracted 
238U beams 
with optimum focussing conditions will destroy any solid 
target in a single pulse, a feasibility study has been 
launched in order to investigate if a windowless liquid-Li 
jet could be used as a Super-FRS production target. This 
study is being conducted by the KALLA group at FZ 
Karlsruhe [6]. Several steps have been undertaken during 
the last two years (see Figure 2): 
•  A water loop has been constructedthat allows to in-
vestigate the flow conditions at the jet nozzle and the 
stability of a water jet with the required dimensions. 
At the same time, techniques for measuring velocity 
fields and jet shapes and numerical models to simu-
late them have been developed. 
•  The next step will consist of investigating the proper-
ties of a liquid-Na jet in a closed test loop. An impor-
tant development is the Double-Layer Projection 
method (DLP) for detecting the shape of totally-
reflecting surfaces. 
As a third step, the liquid-Na loop can be converted to 
liquid Li. Important information can, however, be ob-
tained already from the liquid-Na loop since its key flow 
parameters can be chosen to simulate the liquid-Li ones. 
Besides the experimental activities we continued also the 
theoretical studies concerning liquid Li targets which are 
summarized in [7] and [8]. 
 
Figure 2: Schematic diagram of the different steps of liq-
uid-metal target development for Super-FRS. 
Magnet developments 
The magnet developments for the Super-FRS are di-
vided into two directions:  
•  Radiation resistant magnets must be used in the very 
first dipole stage where the production target and the 
beam dump will cause high radiation levels. 
•  All other dipole stages of the Super-FRS will be 
equipped with superferric magnets.  
Radiation resistant magnets 
The accumulated dose for magnetic elements located in 
the high-radiation areas of the Super-FRS is estimated to 
be in the order of 10 MGy/year. This requires to apply 
radiation resistant materials, i.e., all organic components 
cannot be applied. The most crucial parts in magnet de-
sign are the insulators and we consider to use Mineral 
Insulated Cables (MIC) [9]. A conceptual design study for 
a dipole magnet with an estimated overall weight of 120 
tons was performed considering the possibility of remote 
controlled disassembling in case the magnet would fail 
after some years of operations.  
Superferric magnets 
Superferric magnets are iron dominated magnets but 
using super conducting coils. Thus they unify the advan-
tages of both techniques, i.e. achieving a high field qual-
ity by iron shaping and high magnetic field gradients by 
applying high Ampere-turns. The specifications of the 
dipole magnet for the Super-FRS and the CR are very 
similar and thus we plan a common engineering design 
forfor both magnets. A prototype development is started 
together with the Chinese FAIR Group. A standard super-
feric multiplet of the Super-FRS will consist of a quadru-
pole triplet including correction coils and 2 sextupole 
magnets which are housed in one common cryostat (see 
Figure 3). The quadrupole magnets are characterized by 
very large apertures of ±190 mm and high field gradients 
of up to 10 T/m. A conceptual design study for such a 
multiplet was carried out and the next step will be the 
manufacturing of one prototype superferric quadrupole.    
 
Figure 3: All magnets of a superferric multiplet for the 
Super-FRS will be housed in one common cryostat.    
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The Low-Energy branch of the new fragment separator
Super-FRS [1], as part of the FAIR project, will be dedi-
cated to experiments with exotic beams at low and inter-
mediate energies (5 to 200 MeV/u) and stopped beams.
For some experiments (HISPEC, DESPEC) a good mass
identiﬁcationisnecessary,which requiresa magneticrigid-
ity analyser. For others (MATS, LASPEC) the secondary
beamwill beimplantedintoa stoppingcellwhichwillhave
a ﬁnite volume, leading to the need of an energy (or range)
bunching [2].
The present design is based on a two-stage combined
spectrometer/buncher system. The ﬁrst stage has a higher
angular and momentum acceptance, but a lower resolution,
optimized for the spectrometer mode. The second stage, in
combinationwiththeﬁrststage,correspondstothebuncher
mode which has been already discussed [2]. The two dif-
ferent optical modes are described in the following.
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Figure 1: Optics of the spectrometer mode. The initial
beam spot is (3×5) mm2. Quadrupoles are indicated in
black, dipoles in gray.
Spectrometer Mode
The ﬁrst stage of the system is based on a QQQDQ spec-
trometer design. For the spectrometermode, the ﬁrst triplet
controls the resolving power of the spectrometer, the posi-
tion of the image plane and the transmission in the non-
dispersive plane. The last quadrupole aims for a parallel
∗Work supported by European Community under the FP6 program
DESIGN STUDY (contract 515873 - DIRACsecondary-Beams)
† Work supported by the GSI F+E program (GI/ME2)
‡ d.boutin@gsi.de
dispersion at the image plane, located 1.5 m behind this
magnet. The dipole has a deﬂection angle of 22.5 degrees
and a maximum Bρ acceptance of 7.2 Tm. The character-
istics of the system are the following: a momentum accep-
tance of ± 10 %, a resolving power of 1157 (with a 1 mm
object size), and a corresponding angular acceptance of 40
(30) mrad in the dispersive (non-dispersive) direction. The
optics of this mode is shown in Fig.1. The quadrupoles
have an aperture radius of either 19 cm (Super-FRS type)
or 30 cm. It is planned that the spectrometer can be rotated
around a secondary target.
Buncher Mode
The system displayed in Fig.2 for the buncher mode is
very similar to the system described in [3]. The main dif-
ference is that the maximum accepted Bρ has been reduced
to 7.2 Tm. This allows for the reductionof ﬁeld constraints
on the quadrupoles,especially for large aperture ones. Fur-
ther calculations are being performed to optimize the sys-
tem for experimental requirements.
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Figure 2: Optics of the buncher mode (view from the top).
The ﬁrst part of the system corresponds to the one de-
scribed for the spectrometer mode.
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A high intensity of rare isotope beams is required by the
internal experiments in the NESR [1] and in particular by
the electron-ion collider mode [2]. It is therefore planned
to stack the RIBs longitudinally at injection energy i.e. in
the range 100-740 MeV/u. The stacking will be supported
by electron cooling.
The favored method of longitudinal beam accumulation
is based on a barrierbucket RF system in combinationwith
electron cooling. A broadband barrier bucket (BB) system
is foreseen, which providessingle sine waves of 200 ns pe-
riod (5 MHz). Four cavities, each driven by a 3.5 kW solid
state ampliﬁer, result in a total voltage of 2 kV. According
to dedicated beam dynamics simulations [3], this voltage
is sufﬁcient to compress cooled beams. The stacking cycle
time, i.e. the time between 2 successive injections, could
be about 2 s, provided that the quality of the injected pre-
cooled beam from the CR allows cooling times below 1 s.
This is demonstrated in Fig. 1 for a beam of 132Sn50+ ions
at 740 MeV/u (0.9 μs revolution period). At t=0 a bunch
is injected between the BB sine pulses of 100 ns period
(10 MHz). The beam immediately debunches because the
barrier voltage is not sufﬁcient to capture the particles. The
BB pulses are decreased and switched off at t=0.2 s, while
the beam is being continuously cooled. For the injected
beam, an initial emittance of 0.5 mm mrad and momen-
tum (energy) spread of 1.3 × 10−3 (1.5 MeV/u) was as-
sumed. They correspond to the 2σ design values for the
pre-cooled beam in CR, taking into account the transfer
through the RESR to the NESR as well as an additional
30% increase of the longitudinalemittance due to diffusion
processes. Parkhomchuk’sformula [4] is used for the cool-
ing rate, for an electron beam density of 3.2×108cm−3 (1
A, 5 mm beam radius), a magneticﬁeld strength of 0.2 T in
the cooling section and an effectiveelectron velocity corre-
spondingto magneticﬁeld misalignmentsof 5×10−5.T h e
resulting cooling time is about 0.8 s. Then, the BB pulses
are adiabatically introduced into the beam and increased
to 2 kV. One stays stationary while the other is shifted in
phase to compress the cooled beam. At t=2 s a new bunch
is injected. The process will be repeated until the required
intensity of the accumulated beam is reached. With such
stacking cycle times the experiments in the NESR can take
full advantageof the planned cycle time of 1.5 s of SIS100,
where the primary heavy ion beam is accelerated.
As an alternative, a h=1 RF system for bunching of the
circulating beam and injection of a new bunch onto the un-
stable ﬁxed point in longitudinal phase space is considered
[5]. The RF voltage is raised so as to conﬁne the bunch in
a small fraction of the ring circumference. A new bunch
∗c.dimopoulou@gsi.de
is injected onto the free part of the circumference. Then
the RF voltage is decreased to let the beam debunch. Con-
tinuous application of electron cooling maintains the stack
and merges it with the freshly injected bunch. The present
choice is a ferrite-ﬁlled RF cavity with a peak voltage of
15 kV in c.w. operation and with a frequency swing in the
range 1-2.6 MHz [1]. It should be possible to modify the
cavity for operation at frequencies down to 600 kHz, and
thus cover the full range of injection energies at h=1, with
a moderate peak voltage up to 1 kV.
Figure 1: Accumulation of the 740 MeV/u 132Sn50+ beam
by Barrier Buckets and continuous application of electron
cooling. Solid lines: barrier voltage; Dots: particle distri-
bution in the longitudinal phase space. Top left to bottom
right: beam injection, debunching, cooling, application of
the BB pulses, compression of the stack by moving one
barrier, new injection into the gap between the barriers.
These feasibility studies show that for both stacking
methods the maximum useful accumulation time is limited
by the lifetime of the ion beam, either due to nuclear de-
cay or due to recombination with electrons of the cooling
system. Machine experiments are prepared in the ESR as a
proof of principle and for comparison of the two schemes.
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Here we reporton the developmentofslotline structures,
optical notch ﬁlters, and cryogenic testing.
The development of slotline structures [1] was contin-
ued. Models were built in order to improve the sensiitivity
per unit length, with a ﬂat response in the 1-2 GHz band.
Theyaremeasuredonamovabletest standwitha near-ﬁeld
ﬁeld probe. The measurements are compared to model cal-
culations, andthe modelgeometryis optimizedexperimen-
tally as soon as ﬁeld models turn out to be of too small ac-
curacy. This optimizationprocess will be ﬁnished in spring
2007, when tests of several slotlines in a row are planned.
Figure 1 shows the ﬁeld probe above a test slotline.
Figure 1: Field measurement of slotline structure
A novel optical notch ﬁlter is being developed. The
splitting into two different lines is performed optically in-
stead of using microwave power splitters in order to reduce
asymmetry (Fig. 2). Therefore two optical receivers are
necessary before signal subtraction in a microwave 1800
hybrid. A ﬁrst test was successful, the necesssary correc-
tion equalizers will be relatively easy to design. Fig. 3
∗Work supported by EU, EURONS contract No. xyz.
shows a preliminary test assembly without equalizers and
with no temperature stabilization, which has been added
meanwhile.
It is planned to install a prototype into the ESR. A sub-
stantial reduction of the equilibrium nomentum spread is
expected. A theoretical study of notch ﬁlter cooling and
Palmer cooling of multi-component heavy-ion beams was
published [2].
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Figure 2: Schematic diagram of novel optical notch ﬁlter
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Figure 3: First test of optical notch ﬁlter
A cryogenic test stand has been built into a tank inher-
ited from CERN. Test structures and preampliﬁers can be
cooled down inside the tank to temperatures below 20 K,
in order to test the cryogenic pick-up tanks which will be
developed for FAIR.
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In the new international project FAIR at GSI stochastic
cooling of secondary particles will be an important tech-
nical element. Therefore, an investigation of kicker and
pickup slow-wave structures similar to the devices investi-
gated by Faltin [1] and McGinnis [2] have been performed
with the help of the simulation package CST PARTICLE
STUDIOTM [3].
Slow-wave structures as pickups are more sensitive in
the region of a few Gigahertz than broad band loops. Es-
pecially, they don’t need binary combiner boards and thus
prevent the associated problems with them. The working
output port
output port
beam
slots
coaxial waveguide
center
y
d
Figure 1: Schematic drawing of a slow-wave pickup with
coaxial output waveguides.
principle of slot coupled slow-wave structures as pickup
is as follows: The electromagnetic energy from the wake
ﬁeld of the beam couples via the slots into the output wave-
guides. Beside the coupling, the slots also reduce the phase
velocity of the output waveguide which is greater than the
speed of light. If the phase velocity in the output wave-
guides coincides with that of the beam in the beam pipe,
than the electromagnetic waves emerging from the slots in-
teract constructively in the output waveguides and a large
signal is obtained. The signal difference of the two output
waveguides is a measure for the transverse beam offset.
Following [2] the transverse impedance for the slow-
wave pickup structures is deﬁned by
Z =
P
I2(y/d)2, (1)
with P the total power out of the output of the difference
port, I the beam current, d the transverse dimension of the
beam pipe and y the transverse beam offset.
In a ﬁrst step the device investigated by McGinnis (see
table 1) was simulated to verify the numerical simula-
tion. Unfortunately, this structure is designed for highly
relativistic beams and the coupling for slower beams, e.g.
β =0 .75, is not efﬁcient. This is seen in Fig. 2 where the
obtained impedances for β =1and β =0 .75 are shown.
For β =0 .75 the loss in impedance is roughly three orders
in magnitude higher than in comparison to β =1 , because
the phase velocity of the output waveguide is not matched
with that of the beam and the spectrum is shifted. In or-
der to adapt this structure for beam velocities typical used
at GSI the geometry is currently redesigned. For this pur-
pose the dimensions and the coupling between the output
waveguide and the beam pipe are investigated.
height of output waveguide 20.32mm
width of output waveguide 40.64mm
height of beam tube 40.64mm
width of beam tube 40.64mm
thickness of slots 0.5mm
length of slots 17.526mm
width of slots 2.032mm
distance of slots 3.048mm
number of slots 50
Table 1: Dimensions of McGinnes type structure.
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Figure 2: Impedances for the investigated structure. For
β =0 .75 the result is scaled by a factor of 500.
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Collective instabilities are a potential limiting factor for
the performanceofthe FAIRringsat GSI Darmstadt. Here,
we discuss results of numerical investigations for SIS100
and for the SIS18 Upgrade together with experimental in-
vestigations in the SIS18 synchrotron.
Within our experimental investigations, the ﬁrst mea-
surement of the transverse Beam Transfer Function (BTF)
in SIS18 were performed [1] on October 25, 2006. The
BTF is obtained by exciting a beam with a periodic sig-
nal and measuring the resulting beam response (amplitude
and phase). The BTF signal contains a wealth of important
information on beam and machine properties. The beam
response was measured with the Schottky probe and com-
pared with the excitation using a network analyzer in a fre-
quency sweep.
The inversed BTF, represented in the complex plane,
gives the stability diagram, which provides threshold of in-
stabilities. Figure1 presents raw data (black line) for the
stability diagram in the impedance plane V + iU ∝ Z⊥,
measured for the slow wave at the harmonic number m =
24. The experimental stability diagram is compared with
three theoretical distributions. We conclude that the Gaus-
sian distribution is the most suitable one to describe the
particle momentum distribution. Using these BTF mea-
surements, the vertical tune, the momentum spread and the
chromaticity were obtained too [1].
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Figure 1: Measured (black line) and theoretical stability
diagrams, which are inversed BTF
Considering our numerical and analytical investigations,
ﬁrstly we note that Landau damping does not provide
sufﬁcient transverse stabilization in the SIS–synchrotrons,
which is due to weakly-relativistic beams and small beam
aperture/radius ratios. Other damping mechanisms, as due
to nonlinearities (amplitude-dependent incoherent tune)
may then become decisive for the FAIR rings. To the inco-
herent tune spread can contribute internal effects (nonlin-
ear space charge) or external nonlinearities (e.g., octupoles
in the lattice). This tune spread provides nonlinear Lan-
daudamping,whichinﬂuencesthecollectivebeammotion.
Additionally, there exists a complex interplay between in-
ternal and external nonlinear damping mechanisms. So far,
only a few analytical works have been done and there is
still some uncertainty about nonlinear Landau damping.
For the ﬁrst step, we use the approach from [2], where a
dispersion relation is constructed,

dψ0
da
[ΔQcoh − ΔQinc(a)]ada
Ω/ω0 − (Q0 +Δ Qinc)
=1, (1)
where ΔQcoh is the coherent tune shift (i.e., ∝ Z⊥
coh),
Q0(a) includes only tune shifts due to external nonlineari-
ties and ΔQinc(a) is the tune shift induced by internal ef-
fects only (here, nonlinear space-charge).
As a computational tool accounting nonlinear beam dy-
namics, the particle tracking code PATRIC [3] is used. Se-
ries of simulations have been performed [4] for varying
both Re(Z⊥) and Im(Z⊥) to study comprehensively the
stability properties.
Our ﬁrst comparison is for the case of internal effects
alone. Simulations with the code PATRIC did not show any
damping [4], which supports the prediction of the disper-
sion relation Eq.(1) [2]. We conclude that the incoherent
tune spread due to internaleffects doesnot provideany sta-
bility. In the case of external nonlinearity alone we found
an agreement between Eq.(1) and PATRIC simulations.
Next, we consider the combination of both nonlinear-
ities. According to Eq.(1), an addition of the nonlinear
space-charge effect to the external nonlinearity results in
a strong enhancement of the stability, whereas the size of
the stable area remains unchanged in Re(Z⊥) and greatly
enlarges in Im(Z⊥). Our simulations [4] conﬁrm the en-
largementof the stability along Im(Z⊥), but they disagree
regarding the extent of the stability area in Re(Z⊥). Rea-
sons for the discrepancy may be connected with the facts
that the dispersion relation Eq.(1) is a one-dimensionalap-
proximationofthe2DproblemandtheapproachofRef.[2]
is based on heuristic argumentation.
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Introduction
The HESR will be optimized to satisfy high beam qual-
ity requirements, i.e. Δp/p ∼ 10−5 for the envisaged high
antiproton currents. Cold beams react very sensitive to ex-
ternal perturbations and the possible heating of the beam
due to them. In this work the perturbation of the beam due
to the inﬂuence of the electron cooleracting as a non-linear
lens and intra-beam scattering (IBS) are the subject of de-
tailed investigations, using particle tracking codes.
Nonlinear-lens effect of the electron cooler
The space charge ﬁeld of the electron beam acts as a
non-linear lens, as it was observed in CELSIUS [1]. The
resulting tune spread together with the induced resonance
lines can lead to ’electron heating’. For that reason, we
started to investigate the inﬂuence of the electron lens us-
ing the MAD-X tracking code. With MAD-X we can study
electron-lens effects using the full HESR lattice. To ex-
tend MAD-X for this purpose, the beambeam element, be-
ing created to describe the interaction between two particle
beams in a collider, was extended by two electron current
density proﬁles, a trapezoidal one having a ﬂat top, and a
hollow parabolic one. In particular, the ﬂat top proﬁle is
characteristic for an electron cooler.
0 0,001 0,002 0,003 0,004
Δνx
0
0,001
0,002
0,003
0,004
Δ
ν
x
MAD-X
analytic model
Figure1: Footprintsofthetunedeviationdueto anelectron
beam with trapezoidal radial current proﬁle. A bare tune
νx =1 2 .16,ν y =1 1 .23 and a charge corresponding to an
electron current Ie =0 .2Aand a cooler length Lcool =
15 m (see table 2.11.11 of [2]) were used.
In a ﬁrst step, calculations for testing and validating the
extended beambeam element were performed. One set of
machine tunes, νx =1 2 .16,ν y =1 1 .23, was used. The
∗Work was supported by EU design study (contract 515873-
DIRACsecondary-Beams
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Figure 2: Tune footprints calculated with a single electron
kick (left) and a sequence of 15 electron kicks (right) with
trapezoidaldensity. A baretuneofνx =1 2 .16,ν y =1 1 .23
and a charge corresponding to Ie =1Aand Lcool =3 0m
were used. These values taken from table 2.11.11 of [2]
denote maximal possible values.
non-linear tune shifts and tune footprints obtained from
MAD-X for a simpliﬁed lattice containing a single δ-like
beambeam kick were compared with the results of the ana-
lytical workin Ref. [1]. A verygoodagreementwas found,
as the example shown in ﬁgure 1 demonstrates.
In addition, resonance excitation due such a nonlinear-
lens kick was analysed. Figure 2 shows a tune footprint
calculated for a trapezoidal electron density in the cooler
beam.
IBS measurement using transverse beam echoes
The measurement of transverse beam echoes is a pos-
sible method to determine diffusion processes like intra-
beam scattering (IBS). This was done in RHIC for condi-
tions similar to those in HESR. We evaluated these echoes
using a tracking code. To include IBS, we used a strongly
simpliﬁed model applying a diffusion coefﬁcient being
constant in space and time. We found, that IBS rates be-
ing much larger than expected are necessary to explain the
decreaseoftheechoamplitudeduetoIBS. Theresultswere
presentedat the9th ICAPconferencein Chamonix,see [3].
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Here we report numerical results on the window-frame
SIS-100 injection device at GSI. Details about the compu-
tational approach and deﬁnitions of the longitudinal (Z||),
horizontal (Zx) and vertical (Zy) impedances can be found
in Refs. [1, 2, 3, 4] and references therein. We merely re-
mark that the modeling and discretization were carried out
in CST MICRO WAVE STUDIO ®[5], whereas the simu-
lations relie upon a combination of Python and C++ code.
The GSI SIS-100 Kicker
The fast kicker modules SIS-100 Kicker represent a po-
tential source for beam instabilities in the planned Facil-
ity for Antiproton and Ion Research FAIR. Here, Zx is
dominated by the inductive coupling of the beam to the
pulse-forming network (PFN). We note that the behav-
ior of Zx can be described by the parametrization Zx =
a + b/(c + Zg), where the unknown terms a, b, and c are
estimated by three frequency sweeps with different values
of of the PFN impedance Zg. An excellent agreement has
beenobservedbetweensimulationsandparametrizationfor
a wider frequency range and different values of Zg [1].
We have also considered the inﬂuence of the particle ve-
locity, v = βc on Zx. Notice that it is possible to show
analytically that Zx ∼ β for small ω. Since the excitation
current is proportional to exp(−ikzz), where kz = ω/βc,
the scaling Zx ∼ β is expected as long as kzzL   1,
where L is the length of the kicker module. This behavior
is observed in Fig 2. Curves for β ≥ 0.5 superimpose after
division by β. For lower β, i.e. β =0 .2, this scaling rule
breaks down. This shows the necessity to perform separate
simulations for different β, and then interpolate the values
to consider all possible cases.
It is also worth to mention that in order to validate our
code we have simulated an extraction kicker at the Spalla-
tion Neutron Source (SNS) accumulator ring from which
experimental measurements are available [6]. Here, we
have observed that our simulations predict quantitatively
well the behavior of the experimental vertical impedance
[3, 4].
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OVERVIEW 
Several new types of RF systems have to be developed 
for FAIR [1]. The following list of systems represents the 
latest planning:  
•  SIS12/18 h=2 system  
•  SIS12/18 bunch compressor  
•  SIS100/300/NESR accelerating system  
•  SIS100 barrier bucket system  
•  SIS100 bunch compressor  
•  CR debuncher system  
•  NESR high harmonics system  
•  NESR barrier bucket system  
For the RESR, it is planned to use one of the existing 
SIS18 ferrite cavities.  
In the following, a status will be given for each of these 
systems. Since not all development projects of the GSI 
RF department are directly related to a specific cavity 
system, a second section is dedicated to these cavity-
independent projects.  
CAVITY SYSTEM DEVELOPMENT 
The development of the SIS12/18 h=2 system is funded 
in the scope of the EU FP6 construction program. The 
starting point was a concept worked out by GSI and a 
detailed design study performed by Hitachi. In the first 
phase of the EU FP6 task, a detailed technical concept 
document based on a two-unit solution was completed 
[2]. Since the technological effort and the infrastructure 
requirements for such a system are very high, it was de-
cided to realize a three-unit system. This approach relaxes 
the requirements for each individual unit, and the overall 
power consumption is reduced. Detailed specifications are 
currently being worked out, and first call for tenders are 
prepared.  
The system integration of the SIS12/18 bunch compres-
sor system is in progress. Installation in the synchrotron is 
scheduled for the long shutdown period at the end of 
2007.  
For the SIS100/300/NESR accelerating system a de-
tailed design study has been completed by BINP [3]. Cur-
rently, the manufacturing documents are under prepara-
tion. It is planned to initiate a call for tenders for the first 
prototype system in 2007.  
For both barrier bucket systems (SIS100 and NESR), a 
technical concept is available [4]. A broadband test cavity 
will be realized in 2007 and 2008 in order to reduce the 
technical risk for the NESR barrier bucket system.    
The detailed design of the SIS100 bunch compressor 
system will not be started before reliable measurement 
data of the SIS12/18 bunch compressor are available. This 
strategy was chosen due to resource and risk limitations.  
For the CR debuncher system, the detailed status is pre-
sented in a different contribution of the GSI annual report 
at hand.  
A first design concept for the NESR high harmonics 
cavity is available.    
GENERAL RF PROJECTS  
One of the main challenges of the FAIR project for the 
RF department is the handling of the large variety of sys-
tems with the limited resources. Therefore, standardiza-
tion and maintenance aspects play an important role [5].  
In the scope of the project "Digital RF control sys-
tems", many electronics and software components have 
been developed based on FPGA and DSP technology. The 
main design criterion was modularity, and it will therefore 
easily be possible to use these components in various 
FAIR RF control systems.  
An "RF maintenance and diagnostics" project has been 
initiated. One objective of this project is to allow remote 
management of the firmware of all programmable com-
ponents. Furthermore, it will be possible to collect and 
analyze diagnostics information from any relevant RF 
component on site.  
The status of the "Bunch Phase Timing System" project 
BuTiS is presented as a separate contribution of the GSI 
annual report at hand.  
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This paper will give a brief introduction to the design 
sketch of the RF system intended to operate in the Collec-
tor Ring (CR) [1] of FAIR [2]. The requirements imposed 
on the system are summarized and a conceptual design of 
this RF system is presented. More details can be found in 
[3-5]. 
Requirements 
The CR is designed for fast precooling of rare isotopes 
and antiproton beams. Prior to stochastic cooling the rela-
tive momentum spreads of the incoming beams have to be 
reduced from 3% (antiprotons) and 1.5% (rare isotopes) 
down to 0.7% (antiprotons) or 0.4% (rare isotopes) re-
spectively. This is achieved by means of a two step proc-
ess. First, the bunch is rotated in phase space by a quarter 
of a synchrotron period in a mismatched bucket; after-
wards it is adiabatically debunched. Additionally, the RF 
system at hand will also be used to rebunch the beam to 
allow a bunch to bucket transfer from CR to a subsequent 
ring. 
According to single particle beam dynamic simulations 
[4] the CR debuncher RF system has to operate between 
1.18 MHz and 1.38 MHz. At 1.18 MHz it has to provide a 
total voltage of 400 kV in pulsed and 20 kV in continuous 
operation. All changes in the operational frequency will 
be slow (timescale 5 min). No in situ vacuum system bak-
ing is needed. The total installation length amounts to five 
times 2 m. The beam pipe of the cavities must have a cy-
lindrical diameter of at least 150 mm. 
The RF system will be installed in a two stage process, 
the first stage only accounts for half of the cavities 
(200 kV pulsed, 10 kV continuous), resulting in a reduced 
capture range of the RF system. 
System Design 
It is planned to build inductively loaded coaxial resona-
tors similar to the SIS18 bunch compressor [6]. These 
cavities will allow pulsed as well as continuous operation. 
When choosing the material of the magnetic cores to be 
used, one has to keep in mind that due to the limited in-
stallation length a gradient of 40 kV/m has to be achieved. 
Furthermore, it is imperative to account for fast changes 
of the gap voltage associated with the bunch rotation. Due 
to the limited maximum flux density and the fairly high Q 
value, the use of ferrite material was ruled out. 
It is planned to use VitroVac 6030F, an amorphous mag-
netic alloy. This material, which was used to build the 
SIS18 bunch compressor, combines a fairly high μQf 
value with a considerably low Q value and it is able to 
withstand sufficient magnetic flux to allow the required 
gradients. 
To fit the cavities in the available installation length ten 
resonators each with a length of less than 1  m will be 
built. Figure 1 shows, how the cavity will be driven by a 
push-pull amplifier consisting of two TH555A tubes op-
erating in class A. Each tube will be inductively coupled 
to one half of the cavity. 
 
Figure 1: Sketch of cavity and amplifier. 
Since no fast frequency changes are required and due to 
the broadband nature of the magnetic alloy it is possible 
to omit biasing of the ring cores. The slow frequency 
shifts will be obtained by remotely increasing the capaci-
tance in parallel to the gap. 
The design presented here relies on ten of the aforemen-
tioned ring cores (inner radius 145  mm, outer radius 
313 mm, thickness 25 mm). This results in a reasonable 
capacitance limit of 500 pF to account for core, gap and 
stray capacitances as well as tube capacitances. The shunt 
impedance amounts to about 1  kΩ leading to a cavity 
power demand of 800 kW in pulsed and 2 kW in continu-
ous operation. The average power of 240 W per ring core 
will be removed using forced air cooling. 
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 Overview 
The precision Bunchphase Timing System (BuTiS) is re-
quired to synchronize the distributed rf accelerating cavi-
ties in the SIS100/300 synchrotrons as well as particle 
bunch transfers within the other accelerators and storage 
rings of the FAIR facility. 
System Components 
The time and frequency synchronization of the accelerator 
rf systems on the GSI-FAIR complex have to span local 
distances exceeding the kilometer range. A star-type sig-
nal distribution system fed by a central frequency and 
time reference generator can provide the necessary signals 
with the required accuracy. 
The “BuTiS”-system concept [1], comprises the building 
blocks: 
Time- and frequency reference 
•  Central frequency- and time reference generator 
Optical signal transport and distribution 
•  Optical transmitters and receivers 
•  Distribution of the “BuTiS”-signal by optical fibers 
•  Fiber delay measurement and correction 
Signal delegation   
•  Signal splitting of the reference signals at target loca-
tions 
•  Interfacing and integration into central control system 
including resynchronization of the digital data that 
controls the rf frequencies in realtime. 
Global synchronization 
•  Locking the central reference to global time (UTC) 
Development status of the components 
Time- and frequency reference 
A versatile, highly stable frequency- and time reference 
synthesizer is manufactured together with an external 
contractor, WORK Microwave GmbH. It is a multifre-
quency synthesizer that generates coherent sinewaves at 
frequencies of 10 MHz and 200 MHz, and coherent time 
impulses (ticks) at a rate of 10 μs. The synthesizer does 
include remote access via LAN as well as an external 
phaselock reference input for 10 MHz. The prototype was 
demonstrated in Dec. 2006. The 200 MHz signal is re-
quired to lock all Direct Digital Synthesizers (DDS) of the 
accelerator rf systems synchronously. It is the master 
clock. The 10 μs time reference ticks are required to re-
move time ambiguity in the data transfers to the widely 
spread DDS rf generators within  the FAIR complex. The 
10 MHz component is provided for locking standard test 
and measuring equipment to the main reference. This ref-
erence synthesizer model can also be utilized as local ref-
erence source. At the destination, it can be run in a fly-
wheel mode, being phaselocked to the “BuTiS” reference. 
Due to the inherent stability of the internal timebase, dis-
ruptions of the external reference lasting for minutes do 
not interrupt the synchronization of the rf systems.  
Optical reference signal distribution 
The reference signals from the central multifrequency 
reference are transported by the optical distribution sys-
tem. This system is worked out under a doctor´s student 
contract. The working frequencies of the rf systems call 
for a time uncertainty of less than 200 ps to maintain 
proper phase relationship between the cavities. The local 
distances between these rf systems  underlie temperature 
variations. The absolute lengths of the distribution paths 
are not identical. Thus, methods to continuously measure  
the individual distribution path lengths and compensate 
the resulting local time differences have to be found. The 
low time jitter values of the reference generator has to be 
maintained as well. The exceptional flat frequency re-
sponse, paired with reasonable thermal stability, call for  
single mode optical fiber transmission links. The results 
found so far are very encouraging [2], and others report 
similar performance [3,4]. 
Signal delegation 
A central aspect of synchronizing digital rf generators is 
the timing of the data that determines frequency of the 
generators. In SIS 100, the velocity of a particle bunch 
traveling from cavity to cavity requires a certain phase-
shift of the individual cavity rf. This has to be controlled  
in realtime. Fortunately, a DDS rf-generator does translate 
prestored digital data values for phase and frequency  into 
an analog sinewave at exactly that clock signal edge when 
it receives a data load command. Then, rf phase and fre-
quency of the generated rf become deterministic proper-
ties. The 200 MHz DDS main clock allows a 5 ns coarse 
time resolution, the phase can be aligned in 2
14 steps 
(1.2ps @ 50 MHz). This capability can be used to com-
pensate the reference distribution delay time as well as the  
cavity phase shift created by the moving particles. The 
work on this item has started.           
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Project Overview
For the development of the SIS100/300 accelerator, the
required beam stability and manipulation tasks can only
be accomplished by speciﬁc control mechanisms. Digital
algorithms enable a much higher precision and ﬂexibility
for processing, ﬁltering, open and closed-loop control of
signals than analogue techniques. Their main workload is
characterisedby the processingof continuousdata streams.
The software-driven processing of data streams using
digital signal processor (DSP) systems, as currently used
by the GSI for building the cavity synchronisation system,
poses a capacity limit due to the block-wise computations
and limited I/O bandwidthof the processors. The availabil-
ity of reconﬁgurable hardware (ﬁeld-programmable gate
arrays, FPGA) opens new opportunities for the provision
of computing power: Hardware functionality can be ”pro-
grammed” into an FPGA on demand, a technique known
as structural programming. Like this, stream-based algo-
rithms, e.g.,a FIRﬁlter, canbedirectlyimplementedinfast
hardware structures. Instead of loading and executing in-
structions working on stored data, the streams can directly
be fed into the functional unit, e.g., working as a pipeline.
The primary objective of our work is the development
of optimised hardware architectures for this kind of sys-
tem, based on the migration of initial software solutions
into faster FPGA hardware.
Structure And Development
The system hardware from Sundance consists of two
DSP processors, connected by a Xilinx Virtex II FPGA
which also handles all external interfaces (Fig. 1). DSP A,
host PC ADC/DAC
TMS320C67xx
FPGA
Xilinx
Virtex II
DSP DSP
TMS320C67xx
AB
Figure 1: System architecture with two DSPs and FPGA.
running a real time operating system, communicates with
the host, while DSP B does the signal processing.
The development strategy is to stepwise replace soft-
ware algorithms on DSP B by optimised hardware designs
placed inside the communication FPGA. Thus, the work-
load of DSP B is migrated to the FPGA releasing the DSP
∗Work supported by GSI, contract DA/GLE
† zipf@mes.tu-darmstadt.de
‡ h.klingbeil@gsi.de
for further tasks. This strategy also ensures that the labori-
ous hardware development is only started when a new al-
gorithm is already tested and reference results exist.
Hardware Implementations
The ﬁrst two functionalities implemented as hardware
modules are a phase detector [1, 2] and an amplitude cal-
culation. The phase detector as described in [1] requires an
arctan calculation which was replaced by look-up tables
with precomputed values in our implementation. Different
bit widthsandtablesizes wereimplementedandcompared,
resulting in an optimal solution at 12 bit precision and 256
table entries (range between 0 and π/4). This solution
achieves a maximal error of 0.222 degrees and uses 5.37%
of the FPGA slices, 5.92% of the ﬂip-ﬂops, and 3.46% of
the 4-LUTs. The computation is implemented as a 7-stage
pipeline, where each stage but the division takes one clock
cycle; the division takes 18 cycles.
The amplitude calculation is needed for the DDS to tune
the oscillator parameters. It is based on the CORDIC algo-
rithm and its implementation also covers a reimplementa-
tionofthephasedetectionunit. Toimprovethroughput,the
algorithm is implemented in a 4-stage pipeline. A pre- and
post-processingstage areusedto adaptthe inputandoutput
to the CORDIC quadrant limitation. The CORDIC stage
calculates the CORDIC iterations inside a micro-pipeline
with 16 stages (for 16 bits resolution). The CORDIC al-
gorithm requires 478 slices (4%), 788 ﬂip-ﬂops (3%), and
792 4-LUTs (3%). All modules are running at 100MHz.
Future Work
Additional hardware modules, like a FIR ﬁlter currently
under development, will exceed the available FPGA re-
sources and an alternative has to be found. We plan to
investigate the possibility to use a Virtex II Pro FPGA,
which also contains 2 on-chip PowerPC processors. This
can be used to further improve the computing power and
providesenoughadditionalresourcesfor futureextensions.
The main challenge will be the integration of this FPGA
into the existing system.
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Introduction 
R&D continued during 2006 for FAIR superconducting 
magnets, for the main dipoles, quadrupoles, and now the 
correctors and the corresponding cryogenic distribution 
system as well. Design of cryostat components, such as 
interconnections and cold-warm-transitions of beam 
tubes, has started. R&D was conducted by GSI employ-
ees, in collaborations, or by contracts, funded by GSI or 
the European Union (EU FP6 Design study). Most of the 
results are documented in the GSI FAIR Baseline Techni-
cal Report (FBTR). 
 
Superconducting Magnets 
Rapidly Cycling Synchrotron Magnets 
An overview of the status of the R&D is given in ref. 
[1]. 
SIS 100 
Main dipole 
The eddy current effects were calculated and explained 
[2]. Studies on mechanical stability of the coil and con-
ductor demonstrated that the coil will survive 20 years of 
fast cycling operation. [3, 4]. 
In 2006 the FAIR Synchrotron group determined that 
an increased beam acceptance is required for the dipole. 
Therefore, we had to go from a straight magnet to a 
curved design. Since the magnet could be made 10% 
longer, the nominal field came down to 1.9 T, resulting in 
better field quality.  
The conceptual design of full length dipoles was fin-
ished [5, 6], the cooling of such a magnet was tested at 
JINR (Dubna), and two magnets were ordered BINP (No-
vosibirsk), and BNG (Würzburg).  
Main quadrupole 
The conceptual design of the magnet, with a 6-turn coil 
was finished. The magnet is ready to be built. [7] 
SIS 300 
Main dipole 
Technical design work for the 6T, two coil layer 1 T/s 
straight dipole was finished by IHEP, Protvino [8]. The 
3D end design was developed by CERN [9]. Design of 
the tooling for a 1 m model dipole will be finished in 
2007 and the model dipole will be built and tested, to 
validate fast cycling cosθ dipole design concepts. The 
Minimum Quench Energy (MQE) of a cable similar to the 
envisaged cable for this model dipole was measured for 
different values of the cable adjacent strand resistances 
[10]. 
The recently adopted lattice design change (Doublet to 
FODO) requires a larger beam acceptance for the SIS 300 
synchrotron and therefore a larger effective aperture for 
the dipole. The design of a one coil layer, 4.5 T, 1 T/s, 7.8 
m long curved (R= 66 m) dipole was conceived to meet 
this need. The technical feasibility of the design was 
demonstrated [11, 12] and the field quality consequences 
due to the curvature were found to be negligible. A con-
ceptual design, with a temperature margin around 1 K, is 
still under investigation by INFN. In parallel with the 
magnet design development, INFN is pursuing the devel-
opment of a 2.5µm filament size wire, based on a Cu-Mn 
interfilamentary matrix. A trial billet has been produced 
and tested. 
Magnets for the Storage rings and the Super-
FRS 
Super-FRS / CR 
The technical design of the CR/Super-FRS dipole was 
finished by the FAIR China Group. The construction of a 
model coil has started. The stamping tool was ordered.   
The quadrupoles (with embedded octupoles) and sextu-
poles of the Super-FRS form a multiplet. Toshiba finished 
a conceptual design study for such a multiplet. The tech-
nical part of a contract for the production of a prototype 
quadrupole has been worked out. 
NESR / RESR 
Conceptual Design work of the superferric dipole is close 
to completion.[13] The total costs (construction and op-
eration over 20 years) of such a magnet system were 
compared with those of a resistive version and were simi-
lar. 
Quench detection and protection 
The detection and protection schemes were established 
for SIS 100, SIS 300, the CR ring, the Super-FRS and the 
HEBT-lines and were reviewed at an expert meeting. 
Magnet protection bypass diode stacks were tested and 
diodes irradiated at ITEP [14]. 
Test Facility for model and prototype magnets 
Test dipole GSI 001 was successfully tested (training, loss 
measurements) at the GSI test facility, with forced flow 2-
phase and single phase cooling. The cryo-plant, with the 
required distribution and feed boxes, reached the design 
goals. The anti-cryostat is ready for installation. Most 
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tional in September of next year. The 'stretched wire' will 
be tested in March of next year. 
 
Cryogenics 
During last year the heat load list for the cryogenic sys-
tem was updated [15][16]. The cryogenic distribution 
system was modified to reflect the new topology of FAIR. 
The location and size of the building for the cryogenic 
infrastructure (compressor buildings and refrigerators) 
was finalized. Given these locations, a new layout of the 
cryogenic distribution system could be started and the 
first steps were taken to determine the final traces of the 
cryogenic pipelines.  
In addition to the global distribution system, the local 
distribution systems for CR, Super-FRS and HEBT were 
discussed. For CR and Super-FRS, different cooling 
schemes were compared and the thermo-siphon scheme 
with a common header for a group of magnets was cho-
sen. For the HEBT, a new concept for the cryogenic and 
electrical supply of the magnets was found, by separating 
feed boxes for helium and electrical feed boxes. 
The efficiency of the cooling of the SIS300 coil was 
evaluated by numerical simulations [17]. The cooling of 
the adopted SIS 100 magnet was recalculated. 
 
Cryostats 
Cryostat designers started the design of magnet cry-
ostats, special ring cryostats, the magnet interconnection 
regions and the Cold-Warm-Transitions (CWT) of the 
beam pipes. A MoU with Cracow Technical University is 
in preparation, for support in this field.    
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The SIS-100 magnet is designed such that a sufﬁcient
ﬁeld quality is guaranteed in a broad range of operation
modes [1]. The ﬁeld quality during ramping is inﬂuenced
bytheeddycurrentsgeneratedintheconductivebeamtube.
The eddy-current losses in the beam tube are computed on
the basis of a transient 2D ﬁnite-element model. The mesh
is adaptively reﬁned (Fig. 1). The backward Euler method
with a ﬁxed time step is used for time integration. The
ferromagnetic saturation of the iron yoke results in nonlin-
ear systems of equations which are here linearised by the
Newton method. The tolerances on the mesh reﬁnement,
the time integration and the nonlinear loop are 0.1%. The
2D model is validated by a parameter variation and an an-
alytical model studying the closing paths of the currents at
the end parts of the beam tube.
Simulations are carried out for the geometry and the cy-
cle described in [2]. The material data are taken from [3].
The eddy-current losses amount to 8.68 J and 14.56 J per
cycle for an elliptical beam tube made of stainless steel,
with a major axis of 115 mm, a minor axis of 60 mm and
with a thickness of 0.3 mm or 0.5 mm, respectively.
The ﬁeld quality is measured at a reference radius of
25mmandcomparedtoaconﬁgurationwithoutbeamtube.
The timedependenceoftheﬁeld quality is shown in Fig. 2a
and Fig. 2b for the sextupole and decapole ﬁeld compo-
nents respectively. Both indicate signiﬁcant differences at
low aperture ﬁelds, especially for the sextupole component
at the beginning of the ramping. Also without conductive
beam tube and for low ﬁeld values, the relative sextupole
and decapole components depend on the magnitude of the
ﬁeld, which indicates the presence of a nonlinear effect.
When the magnet operates at an injection ﬁeld of 0.253 T,
the magnetic ﬂux density in the bridge of the iron yoke is
already 1 T (Fig. 3). Hence, the saturation pattern in and
around this bridge changes immediately at the start of the
ramping, resulting in a changing ﬁeld quality.
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Figure 1: SIS-100 dipole magnet: mesh and magnetic ﬂux
lines at a maximum aperture ﬁeld of 1.9 T.
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Figure 2: Comparisonof the (a) sextupoleand (b) decapole
ﬁeld components during ramping.
Figure 3: Magnetic ﬂux density in the bridge of the iron
yoke at aperture ﬁelds of 0.25 T and 0.36 T.
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The planned facility for antiproton and ion research
FAIR at GSI will accelerate high intensity beams from pro-
tons to Uranium ions in the energy range of 100 MeV/u to
30 GeV/u. In the transport lines between the synchrotrons
and in front of production targets precise alignment is re-
quired. Conventional interceptingdiagnosticswillmeltdue
to the beam energy deposition. For transverse proﬁle deter-
mination, we investigate a non-intercepting Beam Induced
Fluorescence (BIF) Monitor. The residual gas N2 is excited
to ﬂuorescence levels by atomic collisions with beam ions.
By single photon detection via a double MCP image inten-
siﬁer coupled to a digital CCD camera the beam proﬁle is
determined [1]. The BIF method was applied successfully
at the GSI heavy ion LINAC for various ion species and
energies between 4 and 11.4 MeV/u [2]. Now we inves-
tigate its application for higher energies as extracted from
the heavy ion synchrotron SIS-18 [3].
Our experimental studies aimed to determine the photon
yield and background contribution for different ion species
(Xe, Ta, U) at beam energies from 60 to 750 MeV/u. In
Fig.1 the signal amplitude (top), background level (mid-
dle) and signal to background ratio (bottom) are plotted as
a function of energy. The measured signal strength cor-
responds to a Bethe-Bloch ﬁt. The measured background
level corresponds to the calculated cross section of neu-
∗Work supported by EU, project FP6-CARE-HIPPI
Figure 1: Energy variation for U, Xe and Ta ions.
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Figure 2: Images of an Uranium beam at different energies
and a N2 pressure of 2·10−3 mbar - slow extraction mode.
tron production which rises approximately proportional to
the square of the energy and the number of nucleons [4].
Therefore the signal to noise ratio decreases with the en-
ergy, see Fig.1 (bottom) & Fig.2. It can be improved by
appropriate neutron shielding or short gating times to ex-
cludedelayedneutrons[3]. Eventhoughtherecordedbeam
proﬁle widths correspond to those achieved with standard
methods within 10%, it is crucial to understand the excita-
tion mechanisms. Cross sections of nitrogen ﬂuorescence
by proton impact were achieved from spectroscopic anal-
ysis. Beside the dominant N
+
2 bands due to atomic colli-
sion also N2-bands were observed and a two-step process
was identiﬁed as their excitation mechanism [5]. For 200
MeV/u Au65+ions we mapped the spectral response us-
ing narrow band 10 nm interference ﬁlters and associated
it with nitrogen transitions see Tab.1. Since the vacuum
pressure affects the occurrence and the mean free path of
secondary e− and the beam’s E-ﬁeld will displace charged
particles as e− and N
+
2 ,p r o ﬁle distortions might occur. For
next machine experiments focus will be on the inﬂuence
of pressure and the beam’s charge density on ﬂuorescence
spectra and proﬁle distortion.
Table 1: Comparison of relative N2 and N
+
2 transition
intensities: 200 MeV/u Au65+,p= 1 ·10−2mbar (SIS-18,
Nov. 2006) ↔ 200 keV protons, p =2,6·10−2mbar [5].
ﬁlter λ0 molecule Au65+ (2006) p ([5], 1961)
390FS10 N
+
2 (0-0) 50±7,5% 72%
430FS10 N
+
2 (0-1) 29±4,4% 19%
470FS10 N
+
2 (0-2) 5±0,8% 4%
337FS10 N2 (0-0) 16±2,4% ≈4%
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Abstract
In the simulations, the linear cut Beam Position Moni-
tor (BPM) based on a metal coated ceramics is considered.
High displacementsensitivitywas achievedbyreductionof
plate-to-plate cross talk caused by coupling capacities.
Parameters of SIS100 BPMs
For the foreseen bunch frequencies of 0.5 MHz <f b <
2.7 MHz and aspired bunch lengths the designed BPM
should show a good response in the frequency range from
∼ 0.1 MHz to 100 MHz. For such frequencies and the
bunches much longer than the BPM length the linear–cut
BPM is preferred. In order to reach the desired accuracy of
100μm [1],the mechanicalstabilityhasto beabout50μm.
The design based on a metal coated Al2O3 ceramics gives
the required mechanical stability in the cryogenic environ-
ment. The model considered in the simulation is shown in
Fig. 1. The elliptic ceramic pipe is coated on the inner side
with 30 μm of PtAg metal layer. In this metal coating the
electrode shapes are formed by cutting out grooves. The
available detector length of 300 mm is sufﬁcient to mount
vertical and horizontal plates (together with relevant guard
rings)inserieswithinoneunit. Formostintensebeams,the
expected peak voltage of BPM signals reaches 1.8 kV [2].
Therefore, the relative distances between electrodes, guard
rings etc. have to be large enough to prevent discharges.
Simulation results
For all simulations CST Studio Suite 2006 was used. All
simulations were performed using the time domain solver
in the bandwidth corresponding to a frequency range from
DC to 200 MHz. The BPM was treated as a coaxial TEM
wave guide with the ion beam approximated by a cylinder
of a Perfect Electric Conductor (PEC) [2]. The main goals
in optimization were: i) high displacement sensitivity (de-
ﬁned in Ref. [2]), ii) linearity of the position determination
and iii) reduction of misalignment of the electrical center
with respect to the geometrical center of the BPM.
Figure 1: Model of the BPMs used in the simulations.
∗Work funded by EU-Design Study contract No. 515873.
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Figure 2: Displacement sensitivity for the BPM without
and with separating ring and guard ring.
The inﬂuence of the end guard ring and separating rings
positioned in the diagonal cut between the adjacent plates
was investigated in detail. The simulated beam position
was swept in the horizontal plane in the range ±50 mm in
10 mm steps. For each beam position the BPM response in
both horizontal and vertical planes was calculated from the
S-parameters expressed in the frequency domain [3]. The
results are presented in Fig. 2.
For both BPM conﬁgurations the position determination
is linear— maximumdeviationsfromthe linear ﬁt over the
whole ±50 mm displacement range are smaller than ±2%
for the BPM without and ±0.5% for the BPM with rings,
respectively. The offset of the electric center of the BPM
without rings is about 13 mm whereas the offset for the
BPM with rings is consistent with zero. It indicates, that a
guard ring at the end of the BPM electrodes (see Fig. 1) is
mandatory.
The displacement sensitivity, as given by the slope of
curves in Fig. 2, depends strongly on plate–to–plate cou-
pling. For the ceramic based BPMs large ceramic permit-
tivity  r=9.6 leads to high coupling capacity that dimin-
ishes the difference signal and deteriorates the displace-
ment sensitivity. An insertion of a separating ring in be-
tween the two adjacent horizontal plates reduces the cou-
pling from −9,5 dB to −21 dB. This increases the dis-
placement sensitivity by a factor of two [2]. Hence, the
separating ring is required in the BPM designs based on
ceramic solution. The frequency response of investigated
BPM was analyzed and is discussed in details in Ref. [2].
It is shown that the displacement sensitivity is almost fre-
quency independent in the relevant frequency range.
The simulationswill be continuedfor alternativegeome-
tries. Inparallel, themechanicalfeaturesofthe singleBPM
components in the cryogenic environment will be investi-
gated.
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In 2006 the set up of one test bench for superconduct-
ing magnets of FAIR was finished at GSI. A second one is 
under construction. After commissioning of both test 
stands magnetic measurements of up to 8 superconducting 
magnets per month will be possible. 
The dedicated power converter must supply DC cur-
rents and ramped currents up to 11000A and provide out-
put voltages up to +/-100V. This gives an effective appar-
ent power of 1.3 MVA. The maximum value for the rate 
of current change is 18kA/s for positive and negative cur-
rent ramps. To avoid tracking errors on the current ramp 
and to reduce current ripple the power converter is 
equipped with a dynamic active filter.  
A similar power converter topology with active filter is 
in use in GSI since 1990 [1]. It consists of a 12 pulse sili-
con controlled rectifier (SCR), which carries the bulk of 
the load current, and a parallel active filter (PE) witch 
carries only a small current, but controls the accuracy and 
stability of the load current. The power converter which is 
installed at the test bench is based on a newer design of a 
power converter with active filter. As described in [2] the 
active filter is set up as a switch mode power converter. 
The main advantage is the reduction of conduction losses 
in the semiconductors of the active filter and leads to a 
more compact design of the system.  
Figure 1 shows the principle circuit diagram of the 
power converter. Because of the large power the SCRs are 
connected to the 20kV voltage level via 2 identically 
build transformers which are phase shifted by +/- 15° el 
by phase rotation of the primaries. Two smoothing reac-
tors decouple the SCRs and the active filter PE, because 
both units are voltage sources by principle. The PE is con-
nected to the 400V AC system and is designed for a 
nominal current of 100A. At the output of the PE a small 
passive LC-filter suppresses the switching frequency of 
100 kHz. Whereas the configuration described in [2] 
needs a passive filter for the SCR there is no need for 
SCR filtering in the GSI approach because of the new 
developed control strategy. 
 
Figure 1: Principle circuit diagram of power converter 
 
By avoiding a passive LC-filter for the SCR the power 
converter and a magnet as its load are a First Order Sys-
tem in terms of control theory. This simplifies the control, 
and tracking errors on the current ramp can be avoided. 
Figure 2 shows the compact power part of the PE in the 
11kA power converter.  
 
                  
Figure 2: Power part of active filter in 11kA converter  
 
   The power converter is equipped with a quench protec-
tion system to protect the magnet in case of a quench and 
to reduce heat dissipation into the cryogenic system. The 
main parts of this system are a dump resistor which can 
absorb energy of 1.1 MJ and an electronic switch (S1 in 
Figure 1). The voltage regulation of the electronic switch 
ensures that the load voltage does not exceed a value of 
800V. In 2007 this switch will be replaced by a prototype 
electronic switch with integrated redundancy in case of 
malfunctions. It is designed to protect a magnet string in 
the SIS100 synchrotron of FAIR. This kind of switch was 
developed in cooperation with TU Darmstadt. 
      The first commissioning of the power converter with 
active filter was done in summer 2005 with a resistive 
magnet and currents smaller than 1kA. The specified val-
ues for the total current deviation were fulfilled (
4 10 5 . 2
− ⋅  
relative). Operation at full current was done in short cir-
cuit operation without active filter. At the end of 2006 a 
first commissioning with a superconducting magnet (L = 
2.8 mH, IN = 7000A) was done. Quenches were initiated 
in DC operation and in ramped operation, too. For those 
tests the maximum current was limited to 7.2kA. 
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In Erlangen multigap Pseudospark switches are under 
development to meet the requirements of the pulse form-
ing network (PFN) for the SIS100/300 kicker magnets 
which are: hold-off voltage > 70 kV, peak current of ~ 6 
kA and pulse duration of up to 6 μs. In the final phase of 
development a three-gap switch will be used. As reliable 
triggering is a key problem, different trigger methods 
were investigated to provide reliable breakdown of the 
switch acceptable delay and jitter values. A novel scheme, 
the carbon nanotube trigger system provided very good 
switching characteristics, but still suffers from very low 
lifetime (< 10
6) due to erosion in the ambient gas atmos-
phere (D2  ~60 Pa) in the switch. A quite different and 
already widely tested system of the so-called high-
dielectric trigger module was significantly improved by 
using thicker dielectric discs (6 mm instead of 1 mm) and 
new materials. Such a high-dielectric trigger module with 
a flat and partly metallized electrode (e.g. by a grid or “ 
metal fingers”), and a dielectric in between is shown in 
Figure 1. 
“finger” contact
“plate” contact
high-dielectric 
material
 
Figure 1: High-dielectric trigger module 
To operate the trigger an high voltage pulse (4-6 kV) is 
applied to one of the electrodes. At the triple points 
(where gas, metal and dielectric meet) a surface plasma is 
created and the emitted electrons (and photons) trigger the 
switch. The best results were achieved with a negative 
trigger pulse on the finger contacts and a 50 Ω resistance 
between the plate contact and ground. The pulse duration 
of the trigger pulse plays only a minor role, a reduction 
from 1 μs to 100 ns didn’t change the results signifi-
cantly. Actually new dielectric materials have been tested 
only under laboratory conditions, but a lifetime increase 
of at least one order of magnitude was already demon-
strated with any material degradation. In 2006 the first 
sealed-off prototype of a two-gap switch, filled with D2  
was built, shown in Figure 2. To have the later possibility   
of changing parts of the switch a modular construction 
was preferred. A commercial zirconium-based reservoir 
(SAES ST172) is used to adjust the gas pressure within 
the switch. The reservoir can reversibly store and release 
hydrogen or deuterium. Depending on the heater current 
the pressure can be varied between <0,01 Pa and >100 Pa. 
By the Paschen law the gas pressure is directly correlated 
with the hold-off voltage of the switch. D2  was used, due 
to its higher voltage hold-off capability /1/. Figure 3 
shows the results of own measurements of the hold-off 
voltages of hydrogen and deuterium in a one gap pseudo-
spark switch. A ratio between the hold-off voltages of D2 
and H2 of ~1,2 was found, which is in quite good agree-
ment with data in literature [1].  
 
 
Figure 2: Prototype of a sealed-off twogap Pseudospark 
switch 
The CF-flange at the top of the switch allows to change 
the trigger module and the gas reservoir.   
 
 
Figure 3: Paschen breakdown in H2  and D2 (single gap) 
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Abstract  
 
The pressure conditions in insulation vacuum systems 
of superconducting accelerator rings or nuclear research 
plants is often controlled and monitored by cold-cathode 
gauges (hereafter CCGs). However, due to high out-
gassing rates of the super insulation material foils (MLI) 
normally used for thermal insulation, the residual gas at-
mosphere is dominated by high portions of hydrocarbons. 
If a CCG is operated in such a hydrocarbonous gas at-
mosphere, its mean useful life-time is substantially lim-
ited by a contamination of the gauge head. Consequently,  
the pressure reading of the gauge becomes erroneous and 
unreliable [1-3]. At the worst, the gauge can completely 
fail. To increase the useful operating-time of a CCG we 
developed an improved cold-cathode gauge of inverted 
magnetron-type which was specially designed for the 
long-term operation at high pressures or/and in gas at-
mospheres with high contents of hydrocarbons.  
  
Basic Concept for a CCG with low-
contamination rate 
 
In order to increase the useful life-time of a cold-
cathode gauge one has to avoid the entrance of hydrocar-
bonous gases into the measuring cell as far as possible. As 
successfully demonstrated by Haefer [4], this can be eas-
ily realized by the means of an ion baffle using a mag-
netically confined cold-cathode discharge. In such an ion 
baffle hydrocarbonous gas components will be effectively 
cracked due to polymerization reactions. Thus, it is obvi-
ous to integrate such an ion baffle into a classical cold-
cathode gauge structure.  
 
gauge housing
measuring cell (cathode 2)
cap
anode rod
ion baffle cell (cathode 1) 
toric magnet
CF35 flange
electrical feedthroughs
 
 
Figure 1: Schematic view of the inverted double-
magnetron gauge with low contamination rate 
The basic idea for a CCG with low contamination rate 
is thus a modification of the classical inverted magnetron 
structure: According to our suggestion [5], our gauge 
head has two electrically separated cathode cylinders. In 
both cells burn two independent gas discharges (cf. Figure 
1). Whereas the discharge zone positioned directly at the 
gauge entrance works only as an ion baffle and its dis-
charge current is not measured, only the second discharge 
zone located more interior is used as gauge for pressure 
measurement. This special double-plasma configuration 
has the crucial advantage that the plasma zone at the en-
trance of the gauge protects the inside one (which repre-
sents the measuring cell) against disturbing contamination 
by condensable vapors or hydrocarbons. 
 
Experiments and Results 
 
In order to demonstrate the efficiency of the improved 
vacuum sensor concept we have constructed a prototype 
and tested the gauge in a long-term test. For this reason, 
the gauge was operated continuously over a measuring 
period of 1.000 hours (6 weeks) at approximately constant 
pressures near the upper pressure measurement limit of 
the gauge. The test run has been carried out at a vacuum 
system whose residual gas atmosphere was highly con-
taminated with hydrocarbons. These vacuum conditions 
were specially suited to accelerate artificially the con-
tamination process in the gauge head. Before the long-
term operation, the gauge was calibrated under clean vac-
uum conditions. After the test-phase, the gauge was re-
calibrated in order to verify changes in the characteristic 
curves. The comparison of the gauge characteristics be-
fore and after the long-term test indicates clearly that the 
gauge characteristics could be reproduced with a rela-
tively high accuracy, the measured deviations still lay 
within in the typical range of measuring accuracy of 
CCGs. Compared to the most commercially available 
cold-cathode gauges, the improved cold-cathode gauge 
has at least a 3 times higher useful life-time [6].  
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Measurement 
Measurements of the residual activity induced by U 
ions of different energies in Cu and stainless steel targets 
have been taken at GSI Darmstadt. In this paper we pre-
sent the results of measured residual activity induced by 
U ions with E = 500 MeV/u in a Cu target and discuss 
possible “hands-on” maintenance problems in the tunnel 
of the SIS100 synchrotron of FAIR. 
The cylindrical Cu target was assembled of discs of the 
diameter of 50 mm and different thickness. The U beam 
spot was less than 11 mm in diameter. The total thickness 
of the Cu target was twice the range of the U ions, thus 
the beam stopped completely inside the target. Analyses 
of the gamma-spectra of the activated discs allowed to 
identify the radioisotope concentration in each disc and to 
plot the depth profile for each isotope. 
The following set of radioisotopes was detected in the 
discs: 
a) produced by fragmentation of the target and projec-
tile nuclei: 
7Be, 
22,24Na, 
28Mg, 
42,43K, 
44m,46,47,48Sc, 
48V, 
48,51Cr, 
52,54Mn, 
52,59Fe, 
55,56,57,58,60Co, 
57Ni, 
62,65Zn 
b) produced by fragmentation of the projectile nuclei 
only (i.e. 
238U) and their half-lives: 
99Mo - 65.94 h , 
103Ru 
- 39.26 d, 
126I - 13.11 d , 
126Sb - 12.46 d,  
127Xe - 36.4 d, 
131I - 8.02 d, 
131Ba – 11.5 d, 
140Ba – 12.75 d, 
237U – 6.75 d 
c) the daughter product of produced isotopes: 
140La – 
the daughter product of 
140Ba), 
44Sc – the daughter prod-
uct of 
44mSc. 
Typical measured depth profile for target activation is 
presented in Fig.1 on the example for 
58Co isotope.  
 
Figure 1: Depth profile of the activity of 
58Co. 
In this case the measured and calculated activities were 
in agreement with each other within a factor of 2. For 
some isotopes the discrepancy between the calculated and 
measured values and also the discrepancy between the 
two codes FLUKA [1] and SHIELD [2] were up to a fac-
tor of 5. 
Estimates of the residual activity in SIS100 
The knowledge of the residual activity of individual 
isotopes allowed us to estimate the radiation risk due to 
the residual activity for the “hands-on” maintenance in 
the SIS100 slow extraction area, where a 5% loss of the 
total beam intensity of 3⋅10
11 s
-1 U ions is expected. 
The time-evolution of the gamma-dose obtained from 
residual activities induced in a Cu target is shown in 
Fig.2. It was assumed that the beam loss was distributed 
uniformly along the beam pipe over the 30 m distance 
downstream the electrostatic extraction septum. 
 
 
Figure 2: Calculated dose rate in the slow extraction sec-
tion of SIS100 (at 1 m distance from the vacuum tube).  
The calculation is given for three machine runs. Each 
run lasts three month with one month break between the 
runs. The dose rate saturates after one year at the level of 
about 0.4 mSv/h.  This is below the 3 mSv/h access limit 
set by the German Radiation Protection Ordinance.  
One should note that for the hot beam spots and for 
higher energies of the lost beam the residual activity level 
may become much higher. 
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Introduction
First results of the shielding optimization for the Super-
FRS targetarea havebeen performedwith the Monte-Carlo
transport code FLUKA2006.3 [1]. FLUKA is a code able
to simulate interactionand transportof hadrons,heavy ions
and electromagnetic particles from a few keV (or thermal
neutron) to cosmic ray energies in nearly all materials [2].
Shielding
Shielding calculations are done for the following sce-
nario: a graphite target is hit by a 1 GeV/u 238U beam with
an intensity of 1012 particles per second. The target is a
wheel with radiusof 22.5 cm and it is subdividedinto three
rings, each 16 mm wide, with thicknesses of 21.6, 32.4 and
43.2 mm, corresponding to 4, 6, 8 g/cm2 [3]. For a conser-
vative case the thickest part of the target with a thickness
of 8 g/cm2 is chosen.
Figure 1: Plot of the prompt dose rate for the Super-FRS
target area (top view, the beam height is 1.5 m).
Due to the space limitation the shielding walls should
not increase the width 5 m (see Fig. 1). In this case for
achievement outside the shielding the dose rate low then
0.5 µSv/h inside the concreteiron was introduced. Another
variant of the shielding with predominately concrete has
been calculated too.
∗Work supported by EU, EURONS contract No. 506065.
Activity
The residualdosedistributionforthe sameshieldinglay-
out is calculated. The irradiation proﬁle assumed here is
two times 60 days of Super-FRS operation with 1 Gev/u
1012 uranium ions per second, interrupted by 120 days
without beam. The following cooling time is 4 month.
The residual dose rate for such condition is estimated
(see Fig. 2).
Figure 2: Residual dose rate distribution for the Super-FRS
target area (side view).
Conclusion
The shielding for the Super-FRS target area is opti-
mized. The desirable limit of the prompt dose rate of 0.5
µSv/h outside the shielding is accomplished. The residual
dose rate after 4 month of cooling is ever acceptable for
long term maintenance work on the working platform (see
Fig. 2).
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